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OF COMETS 
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(554 ) The extraordinary aspect of comets, their rapid 
and seemingly irregular motions the unexpected manner in 
which they often burst upon us and the imposing magni 
tudes which they occasionally assume have in all ages 
rendered them objects of astonishment, not unmixed with 
superstitious dread to the uninstructed, and an enigma to 
those most conversant with the wonders of creation and the 
operations of natural causes Even now, that we have 
ceased to regard their movements as irregular or as gov 
erned by other laws than those which retain the planets in 
their orbit3, their intimate nature and the offices they per 
form in the economy of our system are as much unknown 
as ever No distinct and satisfactory account has yet been 

(465) 
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rendered of those immensely voluminous appendages which 
they bear about with them, and which arc known by the 
name of their tails (though improperly, since they often 
precede them in their motions), any more than of several 
other singularities which they present 

(655 ) The number of comets which have been astro 
nomicallj observed, or of which notices have been recorded 
in history, is very great, amounting to several hundreds,' 
and when we consider that in the earlier ages of natron* 
omy, and indeed in more recent times, before the inven- 
tion of the telescope, only large and conspicuous ones were 
noticed, and that, since duo attention has been paid to the 
subject scarcely a year has parsed without the observation 
of one or two of these bodies, and that sometimes two and 
even three have appeared at once, it will bo easily supposed 
that their actual number must be at least many thousands 
Multitudes, indeed, must escape all observation, by reason 
of their paths traversing only that part of the heavens 
which is above the horizon in $he daytime Comets so 
circumstanced can only become visible by the rare coinci 
dence of a total eclipse of the sun — a coincidence which 
happened, as related by Seneca, Bixty two years before 
Christ, when a large comet was actually observed very 
near the Bun Several, however, stand on record as hav- 
ing been bright enough to be seen with the naked eye in 


1 See catalogues m Hie Almagest ol Recoil Pingrd s Cometograph e, De- 
larobre B Aatron to! ii Astronom ache Abb and 1 nigen No 1 (which contains 
the elements of all the orbits of comets which hate been computed to the time 
of its pabl cat on 1833) also a catalogue by the Her T J Hussey Load. 
and Ed Phil Mag vol u No 9 et seq In a 1 st cited by Lalanda from the 
1st vol. of the Tables de Berl n 700 comet* ore enumerated See nlso notices 
of tl e Astronom cal Society and Aetron Nachr passim A groat many of tho 
tnore ancient comets are recorded in tie Ch nese AnnaU and in some cases v, th 
si ffleient prec a on to allow of tho calculation of rudely approx mate orbits from 
their motions so described 
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the daytime, oven at noon and in bright sunshine* Such 
were the comets of 1402, 1682 and 1843, aod that of 43 B.O. 
•which appeared during the games celebrated by Augustus 
in honor of Venns shortly after the death of Cassar, and 
■which the flattery of poets declared to bo the soul of that 
horo taking its place among the divinities. 

(556.) That feelings of awe and astonishment should 
be excited by the Budden and unexpected appearance of 
a great comet, is no way surprising; being, in fact, accord- 
ing to the accounts we have of such events, one of the 
most imposing of all natural phenomena. Comets consist 
for the most part of a large and more or less splendid, but 
ill-defined nebulous mass of light, called the head, which 
is usually much brighter toward its centre, and offers the 
appearance of a vivid nucleus, like a star or planet From 
the head, and m a direction opposite to that tn which the sun 
is situated from the comet appear to diverge two streams of 
light, which grow broader and more diffused at a distance 
from the head, and which most commonly close in and 
unite at a little distance behind it, but sometimes continue 
distinct for a great part of their course; producing an effect 
like that of the trains left by some bright meteors, or like 
the diverging fire of a sky-rocket (only without sparks or 
perceptible motion) Tins is the tail This magnificent ap- 
pendage attains occasionally an immense apparent length. 
Aristotle relates of the tail of the comet of 871 B C., that 
it occupied a third of the hemisphere, or 60° , that of A.D. 
1618 is stated to have been attended by a tram no less than 
104* in length. The comet of 16S0, the most celebrated of 
modern times, and on many accounts the most remarkable 
of all, with a head not exceeding m brightness a star of the 
second magnitude, covered with its tail an extent of more 
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than 70* of tho heavens, or, as some accounts Btatc, 00°; 
that of tho comet of 1709 extended 97°, and that of the last 
great comet (18-13) was estimated nt about 03® when longest. 
The figure (Jig 2, Plato II ) is a representation of the comet 
of 1819— bj no means one of tho most considerable, but 
which was, however, very conspicuous to the naked eye 

(057) The tail is, bowover, by no means an invariable 
appendage of comets Man} of tho brightest have boon 
observed to ha\o short and feeble tails, and a few great 
comets hate been entirety without them Tho«© of 1683 
and 1703 offered no vestige of a tail, and Cassini describes 
the comets of 1663 and 16S2 as being as round' and os well 
defined as Jupiter On tho other hand, instances arc not 
wanting of comets furnished with many tails or streams of 
diverging light That of 1744 bad nolens than six, spread 
out like an immense fan, extending to a distanco of nearly 
SO* in length Tho small comet of 1823 had two, making 
an angle of about 100®, the brighter turned as usual from 
the sun, the fainter toward it, or nearly so The tails of 
comets, too, are often somewhat curved, bending, in gen 
oral, toward the region which the comet has left, as if 
moving Romewhnt more slowly, or as if resisted m their 
course 

(558 ) The smaller comets, such as are visible only in 
telescopes, or with difficulty by the naked eye, and which 
are by far the most numerous, offer very frequently no 
appearance of a tail, and appear only as round or some 


* This descript on however app! es to the 4 disk of the head of these 
comets as seen in a telescope Cassini’s express ons are 4 a issi road a issi 
net ct suss) clair quo Jup tor ’ (where it ts to be observed that the latter 
ep that moat by no means be translated InjM) To understand tl ts passage 
fully the reader must refer to the descr pt on given further on of the d sk ’ 
of Halley s comet, after its perihelion passage in 1835-6 
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w hat oval vaporous masses, more dense toward the centre, 
where, however, they appear to bavo no distinct nucleus, or 
anything which seems entitled to bo considered as a solid 
body. This was shown in a very remarkable manner in 
the ease of the comet discovered by Miss Mitchell in 1847, 
which on the 5th of October in that year passed centrally 
over a star of the fifth magnitude: so centrally that with a 
magnifying power of 100 it was impossible to determine in 
which direction the extent of the nebulosity was greatest. 
Tho star's light seemed in no degree enfeebled; yet such 
a star would be completely obliterated by a moderate fog, 
extending only a few yards from the surface of the earth. 
And Bince it is an observed fact, that evon those larger 
comets which have presented the appearance of a nucleus 
have yet exhibited no phases, though we cannot doubt that 
they shine by the reflected solar light, it follows that oven 
these can only be regarded as great masses of tbm vapor, 
susceptible of being penetrated through their whole sub 
Btance by the sunbcamB, and reflecting them alike from 
their interior parts and from their surfaces Nor will any 
one regard this explanation as forced, or feel disposed to 
resort to a phosphorescent quality in the comet itself, to 
account for the phenomena in question, when we consider 
(what will be hereafter shown) the enormous magnitude of 
the space thus illuminated, and the extremely small mass 
which there is ground to attribute to these bodies. It will 
then be evident that the moat unsubstantial clouds which 
float in tho highest regions of our atmosphere, and seem 
at sunset to be drenched in light, and to glow throughout 
their whole depth as if in actual ignition, without any 
eh&daw o.i dork, aido, tonal he Looked upon. a& deose. and 
massive bodies compared with tho filmy and all but spirit* 
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tml texture of n comet Accordingly, whenever powerful 
telescopes bavo been turned on these bodies, they have not 
failed to dispel tbo illusion which attributes solidity to that 
moro condensed part of the head, which appears to the 
naked eye as a nucleus, though it is true that in somo 
a very minuto stellar point has been seen, indicating tho 
existence of something more substantial 

(o59 ) It is in all probability to tho feeble coercion of 
tho elastic power of their gaseous partB by the gravitation 
of so small a central mass, that wo must attribute this 
extraordinary development of tho atmospheres of comets. 
If tbo earth, retaining its present bizo, were reduced, by 
nny internal chango (n 9 by hollowing out its central parts) 
to ono thousandth part of its actual mass, its coercive power 
over tne otmosphero would bo diminished in the 6 ame pro 
portion, and m consequence the latter would expand to a 
thousand times its actual bulk and indeed much more, 
owing to the still farther diminution of gravity, by tho 
recess of the upper parts from the centre * An atmos 
phero however, free to expand equally in all directions, 
would envelope the nucleus spherically, so that it becomes 
necessary to admit the action of other causes to account for 
its enormous extension in the direction of the tail — a subject 
to which we shall presently take occasion to recur 

( 06 OJ That the luminous part of a comet is something 
in the nature of a smoke fog or cloud, suspended in a 
transparent atmosphere is evident from a fact which has 


* Newton lias ca culated (Pr ac III p 612) that a globe of a r of ordinary 
dens tv at the earth a surface of one nch in d ameter If reduced to the dens ty 
duo to the alt tude above the surface of one rad ua of tho earth would occupy a 
sphere exceeding a radj 3 the orb t of Saturn T 1 e ta 1 of a great comet then 
for aught we can tell may cons at of only a very few pounds or even ounces 
of matter 
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been often noticed, \iz — that the portion of tbo tail where 
it cornea closest to, and surrounds tbo head, is jet separated 
from it by an interval less luminous, as if sustained and 
kept off from contact by a transparent Btratum, as we often 
see one layer of clouds over another with a considerable 
clear space between These, and most of the other facts 
observed in the history of comets, appear to indicate that 
tbe structure of a comet, as seen in section in the direction 
of its length, must be that of a hollow envelope, of a para 
bolic form, inclosing near its vertex the nucleas and head, 
something as represented in the annexed figure This would 



account for the apparent division of the tail into two principal 
lateral branches, the envelope being oblique to the line of 
sight at its borders, and therefore a greater depth of lllumi 
nated matter being there exposed to the eye In all proba 
bility, however, they admit great varieties of structure, and 
among them may very possibly be bodies of widely differ 
ent physical constitution, and there is no doubt that one and 
tbe same comet at different epochs undergoes great changes, 
both in the disposition of its materials and in their physical 
state 

(661 ) We come now to speak of the motions of comets 
These are apparently most irregular and capricious Some 
times they remain in sight only for a few days at others for 
many months some move with extreme slowness others 
with extraordinary velocity while not infrequently, the 
two extremes of apparent speed are exhibited by the same 
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comet m different parts of its course The comet of 1472 
described an arc of tho heavens of 40® of a great circlo' in a 
single day Somo pursuo a direct, some a retrograde, and 
others a tortuous and very irregular course, nor do they 
confine themselves, like tho planets, within any certain 
region of the hoavens, but tra\ erso indifferently every part 
Their variations xn apparent bizc, during the time they con 
tinue usiblc, are no less romarhablc than those of their 
volocity, sometimes they make their first appearance as 
faint and slow moving objects, with little or no tail, but 
by degrees accelerate, enlarge, and throw out from them 
this appendage, which increases in length and brightness tiff 
(as always happens in such cases) they approach the sun, 
and nro lost in his beams After a tune they again emerge, 
on the other side, receding from tho sun with a velocity at 
first rapid, but gradually decaying It is for the most part 
after thus passing the sun that they shine forth in all their 
Bplcndor, and that their tails acquire their greatest length 
and development, thus indicating plainly the action of the 
sun s rays as the exciting cause of that extraordinary emana 
tion As they continue to recede from the sun, their motion 
diminishes and the tail dies away, or is absorbed into the 
head, which itself grows continually feebler, and is at length 
altogether lost sight of, m by far the greater number of cases 
never to be seen more 

(562 ) W ithout the clew furnished by the theory of gravi 
tation, the enigma of these seemingly irregular and capn 
cious movements might have remained for ever unresolved 
But Newton having demonstrated the possibility of any 
conic section whatever being described about the sun, by a 

* 120* to extent n the former ed t one But th a was the arc described in 
longitude and tho comet at the time referred to had great north latitude 
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body revolving under the dominion of that law, immedi- 
ately perceived the applicability of the general proposition 
to tho case of comctary orbits, and tho great comet of 1680, 
one of the most remarkable on record, both for the immense 
length of its tail and for the excessive closeness of its ap- 
proach to the sun (within one sixth of the diameter of that 
luminary), afforded him an excellent opportunity for the 
trial of his theory The success of the attempt was com- 
plete He ascertained that this comet described about the 
son as its focus an elliptic orbit of so great an excentncity 
as to be indistinguishable from a parabola (which is the ex 
treme, or limiting form of the ellipse when the axis becomes 
infinite), and that m this orbit the areas described about the 
sun were, as m the planetary ellipses, proportional to the 
times The representation of the apparent motions of this 
comet by such an orbit throughout its whole observed 
course, was found to be as satisfactory as those of the mo 
tions of the planets in their nearly circular paths From 
that time it became a received truth that the motions of 
comets are regulated by the same general laws as those 
of the planets — the difference of the cases consisting only 
in the extravagant elongation of their ellipses, and m the 
absence of any limit to the inclinations of their planes to that 
of the ecliptic, or of any general coincidence in the direc 
tion of their motions from west to east rather than from 
east to west, like what is observed among the planets 
(563 ) It is a problem of pare geometry, from the gen 
era! laws of elliptic or parabolic motion to find the situa 
tion and dimensions of the ellipse or parabola which shall 
represent the motion of any given comet In general, three 
complete observations of its right ascension and declination, 
with the times at which they wero made, suffice for the sola 
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tion of this problem {which is, however, by no means an 
easy one) and for the determination of the elements of the 
orbit These consist, mulatis mutandis , of the same data as 
are required for the computation of the motion of a planet 
(that is to say, the longitude of the perihelion, that of the 
ascending node, the inclination to the ecliptic, the semi axis, 
exeentncity, and time of perihelion passage, as also whether 
the motion is direct or retrograde), and, once determined, it 
becomes very easy to compare them with the whole observed 
course of the comet, by a process exactly similar to that of 
art 602, and thus at once to ascertain their correctness, and 
to put to the severest trial the truth of those general laws on 
which all such calculations are founded 

(664 ) For the most part, it is /ound that the motions of 
comets may be sufficiently well represented by parabolio 
orbits — that is to say, ellipses whose axes are of infinite 
length, or, at least so very long that no appreciable error 
in the calculation of their motions, during all the time they 
continue \ isible, would be incurred by supposing them ac 
tually infinite The parabola is that conic section which 
is the limit between the ellipse on tho one hand, which re 
tarns into itself, and the hyperbola on the other, which runs 
out to infinity A comet, therefore, which should desenbo 
nn elliptic path, however long its axis, must hate waited the 
sun before, and must again return (unless disturbed) m some 
determinate period — but should its orbit bo of tho hyper 
bolic character, when once it had passed its perihelion, it 
could neter more return within the sphere of our observa 
tion, but must run off to visit other systems, or be last in 
tho immensity of space There is no instance of a comet 
whoso orbit has been a crj carefully calculated by more than 
one computist being proved to bn\e described a hyperbola. 
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though several have been suspected of doing so.* Many 
have been well ascertained to move in ellipses. These lat- 
ter, in so far ns their orbits can remain unaltered by the 
attractions of the planets, must be regarded as permanent 
members of our system. 

(665 ) We must now say a few words on the actual 
dimensions of comets. The calculation of the diameters 
of their heads, and the lengths and breadths of their tails, 
offers not the sbghtest difficulty when once the elements of 
their orbits are known, for by these we know their real dis- 
tances from the earth at any time, and the true direction of 
the tail, which we see only foreshortened Now calcula- 
tions instituted on these principles lead to the surprising 
fact, that the comets are by far the most voluminous bodies 
in our system The following are the dimensions of some 
of those which have been made the subjects of such inquiry. 

(566 ) The tail of the great comet of 1680, immediately 
after its perihelion passage, was found by Newton to have 
been no less than 20000000 of leagues in length, and to have 
occupied only two days in its emission from the comet’s 
body! a decisive proof this of its being darted forth by some 
active force, the origin of which, to judge from the direction 
of the tail, must be sought in the sun itself Its greatest 
length amounted to 41000000 leagues, a length much exceed- 
ing the whole interval between the sun and earth The tail 
of the comet of 1760 extended 16000000 leagues, and that of 
the great comet of 1811, 86000000 The portion of the head 
of this last, comprised within the transparent atmospheric 
envelope which separated it from the tail, was 180000 leagues 


* For example that ot 1723 calculated by Burckhardt, that of 1771, by 
both Burckhardt and Eneke , and the second comet of 1818, by Rosenberg and 
Bchwabe. 
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in diameter. It is hardly conceivable, that matter once pro- 
jected to such enormous distances should ever be collected 
again by the feeble attraction of such a body as a comet— a con 
sideration which accounts for the surmised progressive dimi 
nution of the tails of such as have been frequently observed. 

(667 ) The most remarkable of those comets which have 
been ascertained to move in elliptic orbits is that of Halley, 
bo called from the celebrated Edmund Halley, who, on cal- 
culating its elements from its perihelion passage tn 1682, 
when it appeared in great splendor, with a tail 80° in length, 
was led to conclude its identity with the great comets of 
1631 and 1607, whose elements he had also ascertained The 
intervals of these successive apparitions being 75 and 76 
years, Halley was encouraged to predict its reappearance 
about the year 1769 So remarkable a prediction could not 
fail to attract the attention of all astronomers, and, as the 
time approached, it became extremely interesting to know 
whether the attractions of the larger planets might not mate 
nally interfere with its orbitual motion The computation 
of their influence from the Newtonian law of gravity, a most 
difficult and intricate piece of calculation, was undertaken 
and accomplished by Olairaut, who found that the action of 
Saturn would retard its return by 100 days, and that of 
Jupiter by no Jess than 618, making m all 618 days, by 
which the expected return would happen later than on the 
supposition of its retaining an unaltered period — and that, 
in short, the time of the expected perihelion passage would 
take place within a month, one way or other, of the middle 
of April, 1769 — It actually happened on the 12th of March 
in that year Its next return was calculated by several emi- 
nent geometers,* and fixed successively for the 4th, the 7th, 


* Damoiseau, Pontecoulant, Eoseaberger tad Lehmaan. 
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the 11th, and the 26th of November, 1835, the two latter 
determinations appearing entitled to the higher degree of 
confidence, owing partly to the more complete discussion 
bestowed on the observations of 1682 and 1759, and partly 
to the continually improving state of oar knowledge of the 
methods of estimating the disturbing effect of the several 
planets The last of these predictions, that of M Lehmann, 
was published on the 25th of July On the 6th of August 
the comet first became visible in the clear atmosphere of 
Rome as an exceedingly faint telescopic nebula, within a 
degree of its place as predicted by M Bosenberger for that 
day On or about the 20th of August it became generally 
visible, and, pursuing very nearly its calculated path among 
the stars, passed its penhebon on tbe \6lh of November, 
after which, its course carrying it south, it ceased to be visi 
ble in Europe, though it continued to be conspicuously so 
in the southern hemisphere throughout February, March, 
and April, 1836 disappearing finally on the 6th of May 
(568 ) Although the appearance of this celebrated comet 
at its last apparition was not such as might be reasonably 
considered likel) to excite lively sensations of terror, even 
in superstitious ages, yet, having been an object of the most 
diligent attention in all parts of the world to astronomers, 
furnished with telescopes very f3r surpassing in power those 
which had been applied to it at its former appearance in 
1759, and indeed to any of the greater comets on record, the 
opportunity thus afforded of studying its physical structure, 
and the extraordinary phenomena which it presented when 
so examined have rendered this a memorable epoch in com 
etic history Its first appearance, while yet very remote 
from the sun, was that of a small roand or somewhat oval 
nebula, quite destitute of tail, and having a minute point of 



478 


OUTLINES OF ASTRONOR 1 


more concentrated light exeentncally situated withm it It 
was not before the 2d of October that the tail began to 
be developed, and thenceforward increased pretty rapidly, 
being already 4° or 6° long on the 6th It attained its 
greatest apparent length (about 20°) on the 15th of October. 
From that time, though not yet arrived at its perihelion, it 
decreased with such rapidity, that already on the 29th it was 
only 8°, and on November the 6th 21° in length There is 
every reason to believe that before the perihelion, the tail had 
altogether disappeared, as, though it continued to be observed 
at Pulhowa up to the very day of its perihelion passage, no 
mention whatever is made of any tail being then seen 

(669 ) By far the most striking phenomena, however, 
observed in this part of its career, were those which, com 
mencing simultaneously with the growth of the tail, con 
nected themsehes evidently with the production of that 
appendage and its projection from the head On the 2d of 
October (the very day of the first observed commencement 
of the tail) the nucleus, which had been faint and small, 
was observed suddenly to have become much brighter, and 
to be in the act of throwing out a jet or stream oE light from 
its anterior part, or that turned toward the sun This ejeo 
tion after ceasing a while was resumed and with much 
greater apparent violence, on the 8th, and continued, with 
occasional mtermittences, eo long as the tail itself continued 
visible Both the form of this luminous ejection, and the 
direction in which it issued from the nuoleus, meanwhile 
underwent singular and capricious alterations, the different 
phases succeeding each other with such rapidity that on no 
two successive nights were the appearances alike At one 
time the emitted jet was single, and confined withm narrow 
limits of divergence from the nucleus At others it pre 
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seated a fan Bhaped or swallow tailed form, nnalogoos to 
that of a gas flame issuing from a flattened orifice while 
at others again two, three or even more jets were darted 
forth in different directions ' (See figures a, b, c, d , Plate 
I Jig 4, which represent, highly magnified, the appearances 
of the nucleus with its jets of light, on the 8th, 9th, 10th, 
and 12th of October, and in which the direction of the 
anterior portion of the head, or that fronting the sun, is 
supposed alike in all, viz toward the upper part of the 
engraving In these representations the head itself is 
omitted, the scale of the figures not permitting its intro 
Auction c represents the nucleus and head as seen October 
9th on a less scale ) The direction of the principal jet was 
observed meanwhile to oscillate to and fro on either side 
of a line directed to the sun in the manner of a compass 
needle when thrown into vibration and oscillating about a 
mean position, the change of direction being conspicuous 
even from hour to hour These jets, though verj bright at 
their point of emanation from the nucleus, faded rapidly 
away, and became diffused as they expanded into the coma, 
at the same tune curving backward as streams of steam or 
smoke would do, if thrown out from narrow orifices more 
or less obliquely in opposition to a powerful wind, against 
which they were unable to make way, and, ultimately yield 
ing to its force, so as to be drifted back and confounded in a 
vaporous train following the general direction of the current * 
(G70 ) Reflecting on these phenomena and carefully con 


1 See the exqma to 1 thographic representations of these phenomena by Bes 
Bel, As Iron Nachr \o SO’ and the fine senea by Schwab© in No 297 of 
that collection as also the msgn fluent drawings of Struve from which our 
figures i ( e it are cop ed 

* On th s po nt Schwabe » and Bessel * draw age are very express and 
oaequ vocal Str ve s attention eeems to have been more especially directed 
to the scrutiny of the nucleus 
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sidering the evidence afforded by the numerous and elabo 
rateiy executed drawings which have been placed on recorc 
by observers, it seems impossible to ovoid the following 
conclusions 1st That, the matter of the nucleus of a cornel 
is powerfully excited and dilated into a vaporous state by 
tbe action of the sun’s rays, escaping m streams and jets 
at those points of its surface which oppose the least resist 
ance, and in all probability throwing that surface or the 
nucleus itself into irregular motions by its reaction in the 
act of so escaping, and thus altering its direction 

2dly That this process chiefly takes place in that por 
tion of the nucleus which is turned toward the sun, the 
vapor escaping chiefly m that direction 

3diy That when so emitted, it is prevented from pro 
ceedmg m the direction originally impressed upon it, by 
some force directed from the sun, drifting it back and carry 
ing it out to vast distances behind tbe nucleus, forming the 
tail or so much of the tail as can be considered as consisting 
of material substance 

4thly That this force, whatever its nature, acts un 
equally on the materials of the comet, the greater portion 
remaining unvaporized, and a considerable part of the 
vapor actually produced, remaining in its neighborhood, 
forming the head and coma 

5thly That the force thus acting on the materials of the 
tail cannot possibly be identical with the ordinary gravita 
tion of matter, being centrifugal or repulsive, ns respects 
the sun and of an energy very far exceeding tbe gravitating 
force toward tbat luminary This will be evident if we con 
eider the enormous velocity with which the matter of the 
tail is carried backward m opposition both to the motion 
which it had as part of the nucleus, and to that which it 
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acquired in the act of ita emission, both which motions 
have to be destroyed in the first instance, before any move* 
ment in the contrary direction can be impressed 

6thly. That unless the matter of the tail thus repelled 
from the sun be retained by a peculiar and highly energetic 
attraction to the nucleas, differing from and exceptional 
to the ordinary power of gravitation, it must leave the 
nucleus altogether, being m effect earned far beyond the 
coercive power of bo feeble a gravitating force as would 
correspond to the minute mass of the nucleus, and it is 
therefore very conceivable that a comet may lose, at every 
approach to the sun, a portion of that peculiar matter, 
whatever it be, on which the production of its tail depends, 
the remainder being of coarse less excitable by the solar 
action, and more impassive to his rays, and therefore, pro 
tanto, more nearly approximating to the nature of the 
planetary bodies 

7thly That considering the immense distances to which 
at leaBt some portion of the matter of the tail is carried from 
the comet, and the way in which it is dispersed through the 
Bystem, it js quite inconceivable that the whole of that 
matter should be reabsorbed — that therefore it must lose 
during its perihelion, passage some portion of its matter, 
and if, as would seem far from improbable, that matter 
should be of a nature to be repelled from, not attracted by, 
the sun, the remainder will, by consequence, be, pro guan 
titate inertia, more energetically attracted to the sun than the 
mean of both If then the orbit be elliptic, it will perform 
each successive revolution m a shorter time than the pre 
ceding, until, at length, the whole of the repulsive matter 
is got rid of — But to return to the comet of Halley 

(671 ) After the perihelion passage, the comet was lost 
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Bight of for upward of two months, and at its reappearance 
(on the 24th of January, 1836) presented itself under quite 
a different aspect, having in the interval evidently under* 
gone some great physical change which had operated an 
entire transformation in its appearance It no longer pre 
sented any vestige of tail, but appeared to the naked eye 
as a hazy star of about the fourth or fifth magnitude, and 
m powerful telescopes as a small, round, well defined disk, 
rather more than S in diameter, surrounded with a nebulous 
chevelure or coma of much greater extent Within the disk, 
and somewhat excentricalfy situated, a minute hut bnght 
nucleus appeared, from which extended toward the pos 
tenor edge of the disk (or that remote from the sun) a short 
vivid luminous ray (See Jig 1, Plate VI ) As the comet 
receded from the sun, the coma speedily disappeared, as if 
absorbed into the disk, which, on the other hand, increased 
continually in dimensions, and that with such rapidity, that 
in the week elapsed from January 2oth to February 1st 
(calculating from micrometrical measures, and from the 
known distance of the comet from the earth on those 
days), the actual volume or real solid content of the illumi 
nated space had dilated in the ratio of upward of 40 to 1 • 
And so it continued to swell out with undiramisked rapid- 
ity, until, from this cause alone, it ceased to be visible, the 
illumination becoming fainter as the magnitude increased, 
till at length the outline became indistinguishable from 

* On tho night of the 22d of January tho comet was observed by M Bogu#- 
law ski of Breslau as a star of the sixth magnitude a bnght concentrated point. 
Which showed no disk with a magnifying power of 140 and that it actually was 
tho comet ho assured htmsoU by turning his telescope the next night on tho 
placo where he saw it (which ic had carefully noted and registered) It was 
gone hrom his observation it appears then that at 1Tb 60m If T at BreaJau, 
Jan 22 the diameter of tho nucleus with its envelope was rigorously tiff at 
which moment, within an hour one way or the other tho process of formation 
cl tho envelope must have commenced. 
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Biraplo want ol light to trace it. While this increase of 
dimension proceeded, the form of the disk passed, bj 
gradual and successive additions to its length in the direc* 
tion opposite to the sun, to that of a paraboloid, as repre- 
sented in g, Jig. 1, Plate VI., the anterior carved portion 
preserving its planetary sharpness, but tho base being faint 
and ill-defined. It is evident that had this process con- 
tinued with sufficient light to render the result visible, a 
tail would have been ultimately reproduced, but the in- 
crease of dimension being accompanied with diminution of 
brightness, a short, imperfect, and as it wero rudimentary 
tail only was formed, visible as Buch for a few nights to 
the naked eye, or in a low magnifying telescope, and that 
only when the comet itself had begun to fade anaj by 
reason of its increasing distance 

(672) While the parabolic envelopo was thus contin- 
ually dilating and growing fainter, the nucleus underwent 
little change, but the ray proceeding from it increased in 
length and comparative brightness, preserving all tho time 
its direction along The axis of the paraboloid, and offering 
none of those irregular and capricious phenomena which 
characterized the jetB of light emitted anteriorly, previous 
to the perihelion If the office of those jets was to feed the 
tail, the converse office of conducting back its successively 
condensing matter to the nucleus would seem to be that of 
the ray now in question. By degrees this also faded, and 
the last appearance presented by the comet was that which 
it offered at its first appearance in August, viz that of a 
small round nebula with a bright point in or near the centre. 

(573 ) Besides the comet of Halley, several other of the 
great comets recorded m history have been surmised with 
more or less probability to return periodically, and therefore 
Astbosomi — V ol XX — 3 
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to move in elongated ellipses around the sun Such is the 
great comet of 1680, whose period is estimated at 575 years, 
and which has been considered, with at least a high prvmd 
facie probability, to be identical with a magnificent comet 
observed at Constantinople and in Palestine, and referred 
by contemporary historians, both European and Chinese, to 
the year A D 1106, with that of AD 631, which was seen 
at noonday close to the sun, with the comet of 43 B C , 
already spoken of as having appeared after the death of 
Ciesar, and which was also observed in the daytime, and 
finally with two other comets, mention of which occurs in 
the Sibylline Oracles, and in a passage of Homer, and 
which are referred, as well as the obscurity of chronology 
and the indications themselves will allow, to the years 618 
and 1194 BC It is to the assumed near approach of this 
comet to the earth about the time of the Deluge, that Wins 
ton ascribed that overwhelming tide wave to whose agency 
his wild fancy ascribed that great catastrophe— a specula 
tion, it is needless to remark, purely visionary These co 
incidences of time are certainly remarkable, especially when 
it is considered how very rare are the appearances of comets 
of this class Professor Encke, however, has discussed, 
with all possible care, the observations recorded of the 
comet of 16S0, taking into consideration the perturbations 
of the planets (which are of trifling importance, by reason 
of the great inclination of its orbit to the ecliptic) and his 
calculations show that no elliptic orbit, with such a period 
ns 676 years, is competent to represent them within any 
probable or even possible limits of error, the most probable 
period assigned by them being 8814 Julian years Indc 
pendent <ti this eeastdemtiea, there see ettvamsesnees re 
corded of the comet of AD 1106 incompatible with its 
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motion m any orbit identical with that of tho comet of 1660, 
so that the idea of referring all these phenomena to one and 
the same comet, however seducing, mnst be relinquished 
(574 ) Another great comet, whose return about the jear 
1848 had been considered by more than one eminent author 
ity in this department of astronomy’* highly probable, is 
that of 1556, to the terror of whose aspect some historians 
have attributed the abdication of the Emperor Charles V 
This comet is supposed to be identical with that of 1264, 
mentioned by many historians as a great comet, and ob 
served also m China — the conclusion in this case resting 
upon the coincidence of elements calculated on the obser 
vations, such as they are, which have been recorded On 
the subject of this coincidence Mr Hind has entered into 
many elaborate calculations, the result of which is strongly 
m favor of the supposed identity This probability is fur 
ther increased by the fact of a comet, with a toil of 40° and 
n head bright enough to be visible after sunrise, having 
appeared in AD 976 and of two others having been re 
corded by the Chinese annalists in A D S95 and 164 It 
is true that if these be the same the mean period would 
be somewhat Bhort of 292 years Bat the effect of planet 
ary perturbation might reconcile even greater differences, 
and though up to the time of our writing (1858) no such 
comet has yet been observed two or three years must yet 
elapse, in the opinion of those best competent to judge, 
before its return must be considered hopeless 

(57o ) In 1661, 1632 1402, 1145 891 and 243 great com 
ets appeared — that of 1402 being bright enough to be seen 
at noonday A penod of 129 years would conciliate all 
these appearances and should have brought bach the comet 


>• Piagre Comilogtsphie, L 411, JLal&nde Aatr 31B5 
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iq 1789 or 1790 (other circumstances agreeing) That no 
such comet was observed about that time is no proof that 
it did not return, since, owing to the situation of its orbit, 
had the perihelion passage taken place in July it might 
have escaped observation Mecbain, indeed, from an elab 
orate discussion of the observations of 1632 and 1661, came 
to the conclusion that these comets were not the same, but 
the elements assigned by Olbers to the earlier of them differ 
so widely from those of Mechain for the same comet on the 
one hand, and agree so well with those of the last named 
astronomer for the other," that we are perhaps justified in 
regarding the question as not yet set at rest 

(676 ) We come now, however, to a class of comets of 
short period, respecting whose return there is no doubt, 
inasmuch as two at least of them have been identified as 
having performed successive revolutions round the sun, 
have had their return predicted already several times, and 
have on each occasion scrupulously kept to their appoint 
ments The first of these is the comet of Encke, so called 
from Professor Encke of Berlin, who first ascertained its 
periodical return It revolves m nn ellipse of great excen 
tncity (though not comparable to that of Halley a) the 
plane of which is inclined at an angle of about 18° 22 to 
the plane of the ecliptic, and m the short period of 1211 
days, or about SJ years This remarkable discovery was 
made on the occasion of its fourth recorded appearance, in 
1819 From the ellipse then calculated by Encke its re 
turn in 1822 was predicted by him, and observed at Para 
rnatta in New South Wales by II Itiimker, being miisi 
ble in Europe since which it has been repredicted and 
reobserved in nil the principal obsen atones, both in the 

" See Schumacher a Cats! Astro a Abl and!, i 
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northern and southern hemispheres, ns a phenomenon of 
regular occurrence. 

(577.) On comparing the intervals between the successive 
perihelion passages of this comet, after allowing in the most 
careful and exact manner for all tho disturbances due to the 
actions of the planets, a very singular fact has come to 
light, viz that the periods are continually diminishing, or, 
in other words, the mean distance- from the sun, or the 
major axis of the ellipse, dwindling by glow and regalnr 
degrees at the rate of about 0*'11178 per revolution. This 
is evidently the effect which would be produced by a re- 
sistance experienced by the comet from a very rare ethereal 
medium pervading the regions in which it moves; for such 
resistance, by diminishing its actual velocity, would dimin- 
ish also its centrifugal force, and thus give the sun more 
power over it to draw it nearer. Accordingly this is the 
solution proposed by Encke, and at present generally re 
ceived. Should this he really the ease, it will, therefore, 
probably fall ultimately into the sun, should it not first be 
dissipated altogether— a thing no way improbable, when the 
lightness of its materials is considered The considerations 
adduced at the end of art 670 would seem, however, to 
open out another possible explanation of the phenomenon 
in question, not necessarily leading to such a catastrophe. 

(578.) By measuring the apparent magnitude of this 
comet at different distances from the sun, and tbence, 
from a knowledge of its actual distance from the earth 
at the time, concluding its real volume, it has been ascer- 
tained to contract in hulk as it approaches to, and to ex- 
pand as it recedes from, that luminary. If. "V alz, who was 
the first to notice this fact, accounts for it by supposing it 
to undergo a Teal compression or condensation of volume 
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arising from the pressure «£ ah ethereal medium ■which he 
conceives to grow more dense in the sun’s neighborhood. 
But such a hypothesis is evidently inadmissible, since it 
would require us ‘to assume .the exterior of the comet to 
be in the nature of a skin or bag impervious to the com- 
pressing medium. The phenomenon is analogous to the 
increase of dimension above described, 'as observed in the 
comet of Halley, when in tfie act of receding from the sun, 
and is doubtless referable to a similar cause, viz the alter 
nate conversion of evaporahle matter into the states of visi 
ble cloud and invisible gas, by the alternating action of 
cold and heat. This comet has no tail, but offers to the 
view only a small ill defined nucleus, excentncally situated 
within a more or less elongated oval mass of vapors, being 
nearest to that vertex which is toward the sun. 

(679 ) Another comet of short period is that of Biela, 
so called from M Biela, of Josephstadt, who first arrived 
at this interesting conclusion on the occasion of its ‘appear- 
ance m 1826 It is considered to be identical with comets 
which appeared in 1772, 1805, etc , and describes its Very 
excentnc ellipse about the sun in 2410 days, Ur about 
6f years, and in a plane inclined 12° S4' to the ‘ecliptic 
It appeared again, according to the prediction, in 1832 
and m 1846 Its orbit, by a remarkable coincidence, very 
nearly intersects that of the earth, and had the latter, at 
the time of its passage in 1832, been a month in advance 
of its actual place, it would have passed through the 
comet — a singular rencontre, perhaps not unattended with 
danger." 

11 Should calculation establish the fact of a resistance experienced also by 
•t’i a-vnmvcf itVvrrojjeci "ut'i<er roofcai 'vonsati-WTf J , »ast«iie'i«rvs-t faoroftfsry ree 
of interest It cannot be doubted that many more will be disco?ered, and by 
their resistance questions will come to be decided, such ua the following What 
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(580) This comet 13 small apd hardly visible tp the 
naked eye, even when brightest Nevertheless, as if to 
make up for its seeming insignificance by the interest 
attaching to it m a physical point of view, it exhibited, 
at its appearance jn 1846, a phenomenon which struck 
e\ ery astronomer with amazement, as a thing without 
previous example in the history of our system ’* It was 
actually seen to separate itself into 1 two distinct comets, 
which, after thus parting company, continued to journey 
aloug amicably through an arc of upward of 70° of their 
apparent orbit, keeping all the while within the same field 
of view of the telescope pointed toward them The first 
indication of 'something unusual being about to take place 
might be, perhaps, referred to the 19th of December, 1845, 
when the comet appeared to Mr Hind pear shaped, the 
nebulosity being unduly elongated in a direction inclining 
porthward But on the 13th of January at "Washington in 
America, and on the 15th and subsequently in every part 
of Europe it was distinctly seen to have become double, a 
•very small and faint cometic body, having a nucleus of its 
own being observed appended to it, at a distance of about 


is the law of density of tho resist ng med urn wh cl surrounds the sunt Is it 
at rest or in mol on’? If the latter in what d reel on does it move? C rcularly 
round the sun or trarers ng space? If c reularly in vi hat plane? It 9 obv o 9 
that a c rcular or vort cose motion of tho ether would accelerate tome comets and 
retard other! accord ng as their rerolut on was relative to such mot on direct 
or retrograde Suppos ng the ne ghborhood of the sun to bo filled w th a ms 
tonal flu d it is not cone® Table that the c rculat on of the planets in it for ages 
should not have Impressed upon It some degree of total on in tl e.r ow direc- 
tion And this may preserve tl era from the extreme effects of accumulated 
res «tance — \ote to ed t on of 1833 

11 Perhaps not qn te so To say nothing of a a ngular surmise of Kepter 
that two great comejs arm at once m 1618 to ght be a single comet separated 
Into Iwo the follow ng passage of Herel us ated by M Llttrow (Nachr 564) 
does really seem to refer to some phenomenon bearing at least » certs n analogy 
to t. In ipao I sco he «avs (Cometograpfcia, p 32C) qvatuor vet quinque 
corpus cula quadam aive n tcleoa rel quo corpora al quanto dens ores oaiea 
debat. 



OUTLINES OF ASTRONOMY 


2' (in arc) from its centre, and in a direction forming an 
angle of about 328° with the meridian, running northward 
from the principal or original comet (see art. 204) From 
this time the separation of the two comets went on pro- 
gressively, though slowly. On the 80th 0 f January, the 
apparent distance of the nucleus had increased to S', on 
the 7th of February to 4', and on the lSth to 6', and so 
on, until oo the 6th of March the two comets were sepa- 
rated by an interval of P IP', the apparent direction of 
the line of junction all the while varying but little with 
respect to the parallel ** 

(681 ) During this separation, very remarkable changes 
were observed to be going on, both m tho original comet 
and its companion Both had nuclei, both had short tails, 
parallel in direction, and nearly perpendicular to the line 
of junction, but whereas at its first observation on January 
13th, the new comet was extremely small aha faint m com- 
parison with the old, the difference both i n point of light 
and apparent magnitude diminished Od the 10th of Feb 
l uary, they were nearly equal, although the day before the 
moonlight had effaced the new one, leaving the other bright 
enough to be well observed On the 14th and 16th, how- 
ever, the new comet had gained a decided superiority of 
light over the old, presenting at the Bame time a sharp and 
starlike nucleus, compared by Lieut Maury to a diamond 
spark But this state of things was not to continue Al- 
ready, on the 18th, the old .comet had regained its superi- 
ority, being nearly twice as bright as its c-ompamon, and 
offering an unusually bright and starlike Uuclens From 


14 liy far the greater portion of this Inert aso of apparent distance ira* die 
o the eomet'a Increased proximity to the earth Tho real increase reduced to 
a distance — 1 of the comet was at the rate of ahoul 3 per. diem 
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this period the new companion began to fade away, bat 
continued visible np to the 15th of March On the 24th 
the comet appeared again single, and on the 22d of April 
both had disappeared 

(582 ) While this singular interchange of light was going 
forward, indications of some sort of communication between 
the comets were exhibited The new or companion comet, 
besides its tail, extending m a direction parallel to that of 
tho other, threw out a faint arc of light which extended as 
a kind of bridge from the one to the other, and after the 
restoration of the original comet to its former pre eminence, 
it, on its part, threw forth additional rays, so as to present 
(on the 22d nnd 23d February) the appearance of a comet 
with three faint tails forming angles of about 120° with each 
other, one of which extended toward its companion 

(583 ) Professor Plantamour, director of the observatory 
of Geneva, having investigated the orbits of both these 
comets ns separate and independent bodies, from the exten 
sive and careful aeries of observations made upon them, ar 
rived at the conclusion that the increase of distance between 
the two nuclei at feast during ihe interval from February 10 ih 
to March 22 d was simply apparent, being due to the vana 
tion of distance from the earth, and to the angle under which 
their line of junction presented itself to the visual ray, the 
real distance during all that interval (neglecting small frac 
tiona) having been on an average about thirty nine times the 
semidiameter of the earth, or less than two thirds the dts 
tance of the moon from its centre From this it would ap 
pear that already, at this distance, the two bodies had ceased 
to exercise anj perceptible amount of perturbative gravita 
♦.mot* wifthi 'ithan , a* vtAw i fevn. *h/t 'gip&nhfo aum Are 
ness of cometary masses we might reasonably expect It 



OUTLINES OF ASTRONOMY 


may well bo supposed that astronomers would not allow so 
remarkable a duplication to pass unwatched at the next re- 
turn of the comet in 1862 In August and September of 
that year both nuclei were observed by Professor Challis at 
Cambridge, Secchi at Rome, and M Struve, presenting, as 
regards direction, the same relative situation with regard to 
each other, so that we have here the historical proof of a 
permanent addition to the members of our system taking 
place at a definite instant under our yery eye " (Plate VI 

to 2 ) 

(681 ) A third comet, of short period, has been added to 
oar list by M Faye, of the observatory of Pans, who de- 
tected it on the 22d of November, 1843 A very few obser- 
vations sufficed to show that no parabola would satisfy the 
conditions of its motion, and that to represent them com- 
pletely, it was necessary to assign to it an elliptic orbit of 
very moderate excentncity The calculations of M Nicolai, 
subsequently revised and slightly corrected by M Lever* 
rier, have shown that an almost perfect representation of its 
motions during the whole penod of its visibility would be 
afforded by assuming it to revolve m a penod of 2717' 68 (or 
somewhat less than 7* years) in an ellipse whose excentncity 
is 0 65598, and inclination to the ecliptic 11° 22 31', and 
taking this for a basis of further calculation, and by means 
of these data and the other elements of the orbit estimating 
the effect of planetary perturbation during the revolution 
now in progress, he fixed its next return to the perihelion 
for the 3J of April, 1851, with a probable error one way or 

w Accord ug to the eleme its of this comet deduced bj IT Santfni taking 
into account ajj planetary perlurbat on its two heads ought to have passed their 
pee&KOftr Asm try rp ami •finrarry- it? mpnatfrvfy* /<SVR f Ar appearance 
wu anxiously and pereevcrmttly looked for but in vain, cor has any probable 
cause been mss gned for its d s appearance I 
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other not exceeding one or two days. This prediction has 
been strikingly verified It actually passed its perihelion 
on the 1st of April, 1851, having been rediscovered by Pro 
fessor Ghallis at Cambridge in November, 1850, and fol 
lowed beyond the perihelion by M Otto Struve up to March 
4, 1851 

(585 ) The effect of planetary perturbation on the motion 
of comets has been more than once alluded to in what has 
been above said Without going minutely into this part of 
the subject, which will be better understood after the perusal 
of a subsequent chapter, it must be obvious, that as the 
orbits of comets are very excentnc, and inclined in nil sorts 
of angles to the ecliptic, they must, m many instances if 
not actually intersect at least pass very near to the orbits of 
some of the planets We ha\e already seen, for instance, 
that the orbit of Biela s comet so nearly intersects that of 
the earth, that an actual collision is not impossible, and in 
deed (supposing neither orbit variable) must in all likelihood 
happen in the lapse of some millions of years Neither are 
instances wanting of comets having actually approached the 
earth within comparatively short distances as that of 1770, 
which on the 1st of July of that 5 ear was within little more 
than seven times the moon’s distance The same comet, m 
1707, passed Jupiter at a distance only one 68th of the radius 
of that planet s orbit, and it has been rendered extremely 
probable that it is to the disturbance its former orbit under 
went during that appulse that we owe its appearance within 
our own range of vision This exceedingly remarkable 
comet was found by Lexell to describe an elliptic orbit with 
an excentricity of 0 7858, with a periodic time of about five 
years and a 'nail, and in a ydane t/Aj V $4 inn’nned to the 
ecliptic, having passed its perihelion on the 13th of August, 
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1770 Its return of coarse was eagerly expected, but in 
vam, for the comet has never been certainly identified with 
any comet since seen Its observation on its first return m 
1776 was rendered impossible by the relative situations of 
the perihelion and of the earth at the time, and before an 
other revolution could be accomplished (as has since been 
ascertained), \iz about the 23d of August, 1779, by a sin 
gular coincidence it again approached Jupiter within one 
491st part of its distance from the sun, being nearer to that 
planet by one fifth than its fourth satellite No wonder, 
therefore, that the planet’s attraction (which at that distance 
would exceed that of the sun in the proportion of at least 
200 to 1) should completely alter the orbit and deflect it into 
a curve, not one of whose elements would have the least 
resemblance to those of the ellipse of LexeU It is worthy of 
notice that by this rencontre with the system of Jupiter’s 
satellites, none of their motions suffered any perceptible de 
rangement — a sufficient proof of the smallness of its ma'S. 
Jupiter, indeed, seems, by some strange fatality, to be con 
stantly in the way of comets, and to serve as a perpetual 
stumbling block to them 

(586) On the 22d of August, 1844, Signor de Vico, 
director of the observatory of the Collegio Romano, discov 
ered a comet, the motions of which, a very few observ attons 
sufficed to show, deviated remarkably from a parabolic orbit 
It passed its perihelion on the 2d of September, and contin 
ued to be observed until the 7th of December. Elliptic elo 
ments of this comet, agreeing remarkably well with each 
other, were accordingly calculated by several astronomers, 
from which it appears that the period of revolution is about 
1990 days, or 51 (5 4357) years, which (supposing its orbit 
undisturbed m the interim) would brmg it back to the peri 
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helion on or about, the ISth of January, 1650, on which oeca 
sion, however, by reason of its unfavorable situation with 
respect to the snn and earth, it conld not be observed As 
the assemblage and comparison of these elements, thus com 
puted independently, will serve better, perhaps, than any 
other example, to afford the student an idea of the degree of 
arithmetical certainty capable of being attained m this 
branch of astronomy, difficult and complex as the calcula 
tions themselves are, and liable to error as individual obser 
vations of a body so ill defined as the smaller comets are for 
the most part, we shall present them in a tabular form, as 
on the next page the elements being as usual , the time of 
perihelion passage, longitude of the perihelion, that of the 
ascending node, the inclination to the ecliptic, semiaxis and 
excentncity of the orbit, and the periodic time 

This comet, when brightest, was visible to the naked 
eye, and bad a small tail It is especially interesting to 
astronomers from the circumstance of its having been ren 
dered exceedingly probable by the researches of M Lei er 
ner, that it is identical with one which appeared ia 1678 
with some of its elements considerably changed by pertur 
bation This comet is farther remarkable, from having 
been concluded by Messrs Laugier and Mauvais, to be idea 
tical with the comet of 1585 observed by Tycho Brahe, and 
possibly also with those of 1743, 1766 and 1819 

(587 ) Elliptic elements have m like manner been as 
signed to the comet discovered by M Brorsen, on the 26th 
of February, 1846, which, like that last mentioned, speedily 
after its discovery began to show evident symptoms of de 
viation from a parabola These elements, with the names 
of their TespectiN e calculators, aie as follows The dates are 
for February, 1846, Greenwich time- 
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Competed by 

Erannoir 

nind. 

Van M llllnsen 
and De llaan 

Perihelion passage 

Long of Perihelion 

Long of 

Inclination 

Somalia 

Eirentricity 

Period (days) 

254 37794 
116*29 34 0 
103 39 36 6 
30 55 6 6 

3 I50*»I 

0 79363 
2012 

25 d 33109 
116* 29 It 8 
102 45 20 9 
30 49 36 

3 12292 

o mu 
2016 

25* 02*27 
116*23 62 9 
103 31 25 7 
30 30 SO 2 

2 87052 

0 7731 3 

1716 


This comet is faint, and presents nothing remarkable in 
its appearance Its chief interest arises from the great simr 
lanty of its parabolic elements to those of the comet of 1632, 
the place of the perihelion and node, and the inclination of 
the orbit, being almost identical 

(588 ) Elliptic elements have also been calculated by M 
I) Anest, foT a comet discovered by M Peters, on the 26th 
of Jane, 1846, which go to assign it a place among the com 
ets of short period, viz 5804' 3 or very nearly 16 years 
The excentncity of the orbit is 0 75672 its semiaxis 6 32066, 
and the inclination of its plane to that of the ecliptic 31° 
2 14* This comet passed its perihelion on the 1st of June, 
1846 

(589 ) By far the most remarkable comet, however which 
has been seen during the present century is that which ap 
peared in the spring of 1843, and whose tail became visible 
1 U the twilight of the 17th of March in England as a great 
beam of nebulous light, extending from a point above the 
western .horizon, through the stars of Endanus and Lepus, 
nnder the belt of Orion This situation was low and un 
favorable, and it was not till the 19th that the head was 
seen and then only as a faint and ill defined nebula, very 
rapidly fading on subsequent nights In more southern 
latitudes, however, not only the tail was seen, as a magmfi 
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cent train of light extending 60° or 60° in length, but the 
head and nucleus appeared with extraordinary splendor, 
excitmg m every country where it was seen the greatest 
astonishment and admiration Indeed, all descriptions agree 
in representing it as a stupendous spectacle, such ns in 
superstitious ages would not fail to have earned terror 
into every bosom In tropical latitudes m the northern 
hemisphere, the tail appeared on the 8d of March, and in 
Van Diemen’s Land, so early aa the 1st, the comet having 
passed its perihelion on the 27th of February Already on 
the 3d the head was so far disengaged from the immediate 
vicinity of the sun, as to appear for a short time abo\e the 
horizon after sunset On this day when viewed through a 
46 inch achromatic telescope it presented a planetary dish, 
from which rajs emerged in the direction of the tail The 
tail was doable, consisting of two principal lateral streamers, 
making a very small angle with each other, and divided by 
a comparatively dark line of the estimated length of 25°, 
prolonged however on the north side by a divergent 
streamer, making an angle of 5 ° or 6° with the general 
direction of the axis, and traceable as far as 6o° from tho 
head A similar though fainter lateral prolongation ap 
p eared on tho south side A fine drawing of it of this 
date by C P Smyth, Esq , of tho .Royal Observatory, 

C G II , represents it as highly symmetrical, and gives tho 
idea of a my id cono of light, with a dark axis, and nearly 
rectilinear sides inclosed in a fainter cone, thq sides ol 
which cur re slightly omwanl Tho light of the nucleus at 
this period is compared to that of n star of tho first or second 
magnitude, and on tho 11th, of tho third, from which tuno 
it degraded in light so rapidly, that on tho 10th it was in 
Yisiblo to tho naked eye, the tail all the while continuing 
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brilliantly visible, though much more so at a distance from 
the nucleus, with which, indeed, its connection was not 
then obvious to the unassisted sight — a singular feature 
m the history of this body The tail, subsequent to the 
8d, was generally speaking a single straight or slightly 
curved broad band of light, but on the 11th it is recorded 
by Mr Olenhew, who observed it at Calcutta, to have shot 
forth a lateral tail nearly twice as long as the regular one 
but fainter, and making an angle of about 18° with its direc 
tion on the southern side The projection of this ray (which 
was not seen either before or after the day in question) to so 
enormous a length (nearly 100°) in a single day conveys an 
impression of the intensity of the forces acting to produce 
such a velocity of material transfer through space, such as 
no other natural phenomenon is capable of excitmg It is 
clear that if we hate to deal here with matter , such as we con 
ceue tt, viz possessing inertia— at all, it must be under the 
domimon of forces incomparably more energetic than grnvi 
tation, and of quite a different nature 

(590 ) There is abundant evidence of the comet in ques 
tion having been seen in full daylight and m the sun s 
immediate vicinity It was so seen on the 28th of February, 
the day after its perihelion passage, by every person on 
board the XL E 1 C S ‘Owen Glendower, then off the 
Cape, as a short dagger like object close to the sun a little 
before sunset On the same day it 3 k 6" P H , and conse 
quently in full Bunshine, the distance of the nucleus from 
the sun was actually measured with a sextant by Mr Clarke 
of Portland, [Jmted States the distance centre from centre 
being then only 8° 50 43' He describes it m the following 
terms “The nucleus and also every part of the tail were 
as well defined as the moon on a clear day The nucleus 
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and tail boro tho same appearance, and resembled a perfectly 
pure white cloud without any variation, except a slight 
change near tho head, just sufficient to distinguish tho 
nuclous from the tail at that point ” The denseness of the 
nucleus was so considerable, that Mr Clarke had no doubt 
it might have been visible upon tho sun’s disk, had it passed 
between that and the observer Tho length of the visible 
tail resulting from theso measures was 59 or not fir from 
double tho apparent diameter of the sun, and as we shall 
presently Bee that on the day in question the distance from 
the earth of the sun and comet must have been very nearly 
equal, this gives ua about 1700000 miles for the linear 
dimensions of this the densest portion of that appendage, 
making no allowance for the foreshortening, which at that 
time was very considerable 

(591 ) The elements of this comet are among the most 
remarkable of any recorded They have been calculated by 
several eminent astronomers, among whose results we shall 
specify only those which agree best, the earlier attempts to 
compute its path having been rendered uncertain by the 
difficulty attending exact observations of it m the first part 
of its visible career The following are those which seem 
entitled to moat confidence 



(592 ) "What renders these elements so remarkable is the 
smallness o' the perihelion distance Of all comets which 
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have been recorded this has made the nearest approach to 
the sun The sun’s radius being the sine of his apparent 
•semidiameter (16 1*) to a radius equal to the earth’s mean 
distance = 1, is represented on that scale by 0 00466, which 
falls short of 0 00534, the perihelion distance found by 
taking a mean of all the foregoing results, by onl} 0 00063, 
or about one seventh of its uhole magnitude The comet, 
therefore, approached the luminous surface of the suu within 
about a seventh part of the sun's radius I It is worth while 
to consider what is implied in such a fact In the first 
place, the intensity both of the light and radiant heat of 
the sun at different distances from that luminary increase 
proportionally to the spherical area of the portion of the 
visible hemisphere covered by the sun s disk. This disk, 
in the case of the earth, at its mean distance has an angular 
diameter of 32 1* 1 At our comet in penhelio the ap 
parent angular diameter of the sun was no less than 121° 
32 The ratio of the spherical surfaces thus occupied (as 
appears from spherical geometry) is that of the squares of 
the sines of the fourth parts of these angles to each other, 
or that of 1 47042 Aud in this proportion are to each 
other the amounts of light and heat thrown by the sun on 
an equal area of exposed surface on our earth and at the 
comet m equal instants of time Let any one imagine 
the effect of so fierce a glare as that of 47000 suns such 
as we experience the warmth of, on the materials of which 
the earth’s surface is composed To form some practical 
idea of it we may compare it with what is recorded of 
Parker a great lens, whose diameter was 82J inches, and ; 
focal length six feet eight inches The effect of this, sup J 
posing all the light and heat transmitted, and the fc 
concentration perfect (both conditions very imperfectly 
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satisfied), would be to enlarge tho sun a effective angular 
diameter to 23® 26 , which, compared on the same principle 
with a sun of 82 in diameter, would give a multiplier of 
only 1915 and when increased sevenfold (as was usually the 
caso) bj interposing a concentrating lens, 18405 instead of 
47000 Tho heat to which the comet was subjected there 
fore surpassed that in the focus of the lon3 in question, on 
the louest calculation in the proportion of 24J to 1 without 
or S, to 1 with the concentrating lens Yet that lens, so 
used melted carnehan, agate, and rock crystal 1 

(o93 ) To this extremity of heat however the comet was 
exposed but for a short time Its actual velocity in pen 
hclio was no less than 366 miles per second, and the whole 
of that segmeut of its orbit above {« e north of) the plane of 
the eohptic and in which, as will appear from a considera 
tion of the elements the perihelion was situated, was de 
scribed m little more than two hours such being the whole 
duration of the time from the ascending to the descending 
node or in which the comet had north latitude Arrived 
at the descending node its distance from the sun would be 
already doubled and the radiation reduced to one fourth 
of its maximum amount The comet of 1680 whose pen 
hehon distance was 0 0062 and which therefore approached 
the sun s surface within one third part of his radius (more 
than donble the distance of the comet now m question) was 
computed by Newton to have been subjected to an intensity 
of heat 2000 times that of red hot iron — a term of comparison 
indeed of a very vague deacnption and whioh modem 
thermotics do not recognize as affording a legitimate 
measure of radiant heat- * 

* A trans t © 1 the comet of 1843 over the sun s disk must probably have 
taken place shortly after its passage through ts tlesce 0 ng node It s greatly 
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(594) Although some of the observations of this comet 
were vague and inaccurate, yet there seem good grounds for 
believing that its whole course cannot be reconciled with 
a parabolic orbit, and that it really describes an ellipse 
Previous to any calculation, it was remarked tlmt in the 
year 1663 the tail of an immense comet was seen in Lisbon, 
at Bologna, m Brazil, and elsewhere, occupying nearly the 
same situation 3tnong the stars, and at the same season of 
the year, \iz on the 6th of March and the following days 
Its brightness was such that its reflected trace was easily 
distinguished on the sea The head, when it at length came 
in sight, was comparatively faint and scarce discernible 
,Jio precise observations were made of tins comet, but the 
singular coincidence of situation, season of the year, and 
physical resemblance, excited a Btrong suspicion of the 
identity of the two bodies, implying a period of 175 years 
tmi/itn a day or two more or less This suspicion has been 
converted almost into a certainty by a careful examination 
of what is recorded of the older comet Locating on a 
celestial chart the situation of the head, concluded from 
the direction and appearance of the tail, when only that 
was seen, and its visible place when mentioned according 
to- the descriptions given, it has been found practicable to 
derive a rough orbit from the course thus laid down and 
this agrees in all its features so well with that of the modern 
comet as nearly to remove all doubt on the subject Comets, 
moreover, are recorded to have been seen in A D 268 442- 


to be regretted that so interesting a phenomenon eho Id hero passed unob 
serrod W1 ethor il be possible that some offset of its tall darted off so late 
ns tha 7ih of March vrl en tl e comet was already far south of the eel pt c, 
should hare crossed that plane and been seen near the Pleiades may be 
doubted Certain It U that on the even ng of that day a decidedly comet c 
ray was seen in the I mined ate neighborhood of those stars by Mr Nasmyth. 
(Aat. Soc- Notices voh r p 310 ) 
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43 791, 968, 1143, 1317, 1494, which may have been returns 
of this, since the period above mentioned would bring round 
its appearance to the years 268, 44S, 618, 793, 968, 1143, 
1818, and 1493, and a certain latitude must always be 
allowed for unknown perturbations 

(595 ) But this is not the only comet on record whose 
identity with the comet of 43 has been maintained In 
1689 a comet bearing a considerable resemblance to it was 
observed from the 8th to the 23d of December, and from the 
few and rudely observed places recorded, its elements had 
been calculated by Pingrd, one of the most diligent inquir 
era into this part of astronomy ” From these it appears 
that the perihelion distance of that comet was very remark 
ably small, and a sufficient though indeed rough comet 
dence in the places of the perihelion and node tended to 
corroborate the suspicion But the inclination (69°) as 
signed to it by Pingrd appeared conclusive against it. On 
recomputing the elements, bowotcr, from his data, Professor 
Pierce has assigned to that comet an inclination widely dif 
fering from Pingrd’s, viz 30° 4," and quite within reason 
able limits of resemblance But how docs this agree with 
the longer penod of 175 years before assigned ? To rccon* 
cilo tins we must suppose that these 175 y cars comprise at 
least eight returns of tho comet, and that in effect a mean 
period of 21' 876 must bo allowed for its return Now it is 


" Author of tl o OomdtoffTiphic a work fad pen«eb!o to alt who would 
atudr ih * fate renting department of the eclcnee 

« TJnlted PlalM (larette May '•'* 1813 Con* Id t Hop tint *)[ the ol*erra 
hone 1 e n ear lhod«cendlni? node ol tl e orbit tl e pmtimitr of the comet at that 
time to the tun and tl e loo«o nat re of tho recorded oWrralkm*. no doubt 
almoat any fdren Inclination n(jht be ded red from them The true teat tn 
#uc* o*r« l» col to «*cend from the £>)d fa correct data to element* but to 
drKrTA', Itwd V&t/wt. taA tcTafai t!«inw t» Vha d.in &V.V tomtiAa 
w heller the recorded phenomena can be rr presented by them (pertiirletlore 
Included) within fair traits of faterprUSlcn Poch la the «rar*-* pur« iM 
by Claoaca. 
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worth remarking that this period calculated backward from 
1843‘156 will bring us upon a series of years remarkable for 
the appearance of great comets, many of which, as well as 
the imperfect descriptions we have of their appearance and 
situation in the heavens, offer at least no obvious contradic- 
tion to the supposition of their identity with this. Besides 
those already mentioned as indicated by the period of 176 
years, we may specify as probable or possible intermediate 
returns, those of the comets of 1733?", 1689 above men- 
tioned, 1559?, 1637,’* 1515," 1471, 1426, 1405-6, 1383, 1361, 
1340,” 1298, 1274, 1230," 1208, 1098, 1056, 1034, 1012," 
690?," 925?, 858??, 6&f,"652, 630," 421, 245 or 247," 180", 
158 Should this view of the subject be the true one, we 
may expect its return about the end of 1864 or beginning of 
1865, in which event it will be observable in the Southern 
Hemisphere both before and after its perihelion passage.' 0 

(596 ) M. Clausen, from the assemblage of all the obaer- 


" P Passage 1733 781 The great southern comet of May 17th seems loo 
early in the year 

*° P P 1536 906 In January 1637, a comet was seen In Pisces 

” P. P 1515 031 A comet predicted the death of Ferdinand the Catholic. 

He died Jan 23,1515 

" P P. 1340 031 Evidently ft southern comet, and a very probable ap 
pearauce. 

** P P 1230 656, was perhaps a return of Halley'a 

M P P 1011 906 In 1012, a very great comet in the southern part of the 
heavens “Son 6clal blessatt lea yeux ” (Pmgro Com^tographie, from whom 
all the jo recorded appearances are taken ) 

” P P. 990 031 “Com its fort ^pou van table,” some year between 989 
and 998 

*• P. P 633 731 In 684, appeared two or three comets Dates begin 
to be obscure 

” Two distinct comets appeared m 630 and 631 the former observed in 
China, the latter in Europe 

•* P P 246 281, both eouthern comets of the Chinese annals The year 
of one or other may be wrong 

** P P 180 656 Nov 6, A D 180 A southern comet of the Chinese 
annals. 

*° Clausen, Aatron Nachr No 415 Mr Cooper’s remarks on this comet 
in his Catalogue of Comela (notes p xnu ) go to assign by far tha greatest 
weight of probabilil) lo a period of 36 lr for this comet. 
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vations of thiB comet known to him, has calculated elliptic 
elements which give the extraordinarily short period of 6 38 
years And in effect it has been suggested that a still fur 
ther subdivision of the period of 21 876 into three of 7 292 
years would reconcile this with other remarkable comets 
This seems going too far, but at all events the possibility of 
representing its motions by so Bhort an ellipse will easily 
reconcile us to the admission of a period of 21 years That 
it should only be visible in certain apparitions, and not in 
others, is sufficiently explained by the situation of its orbit. 

(697 ) We have been somewhat diffuse on the subjeat of 
this comet, for the sake of showing the degree and kind of 
interest which attaches to cometic astronomy in the present 
State of the science In fact, there is no branch of astron- 
omy more replete with interest, and we may add more 
eagerly pursued at present, inasmuch as the hold which 
exact calculation gives us on it may be regarded as com 
pletely established , so that whatever may be concluded as 
to the motions of any comet which shall henceforward come 
to be observed, will be concluded on sure grounds and with 
numerical precision, while the improvements which have 
been introduced into the calculation of cometary perturba 
tion, and the daily increasing familiarity of numerous as 
tronomers with computations of this nature, enablo us to 
trace their past and future history with a certainty, which 
at the commencement of the present century could hardly 
have been looked upon as attainable Every comet newly 
discovered is at once subjected to the ordeal of a most rigor- 
ous inquiry Its elements, roughly calculated withm a few 
days of its appearance, are gradually approximated to as ob 
servations accumulate, by a multitude of ardent and expert 
coraputiats On the least indication of a deviation from a 
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parabolic orbit, its elliptic elements become a subject of 
universal and lively interest and discussion Old records 
are ransacked, and old observations reduced, with all the 
advantage o! impio\ed data and methods, so as to rescue 
from oblivion the orbits of ancient comets which present 
any similarity to that of the new visitor The disturbances 
undergone in the interval by the action of the planets are 
investigated, and the past, thus brought luto unbroken con 
nection with the present, is made to afford substantial 
gronnd for prediction of the future A great impulse 
meanwhile has been given of late years to the discovery 
of comets by the establishment in 1840 " by his late Maj 
csty the King of Denmark, of a prize medal to be awarded 
for every such discot ery to the first observer (the influence 
of which may be most unequivocally traced m the great 
number of these bodies which ever) successive yeai sees 
added to our list) and by the circulation of notices, by ape 
cial letter,” of every such discovery (accompanied when 
possible, by an ephemeris) to all observers who have shown 
that they take an interest \n the inquiry so as to insure the 
full and complete observation of the new comet so long as 
it remains within the reach of our telescopes Among the 
observers who have been most successful in the discovery 
of comets, we find no less than 29 discovered by Pons 14 
by Messier, and 10 by M£chain, 8 by De Vico 8 by Miss O 
Herschel — who, however is not the only female observer of 
these bodies, the comet of 1847 having been independently 
detected by Itvo ladies, Miss Maria Mitchell of Nantucket, 


TWe tne atmo ncement of iti atnstitut on ‘to Asrron js&chr “fto 400 
B By the late Pro! Schumacher D rector of il e Poral Observatory of 
Altana. 
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17 S , and Madame Bumker, of Hamburg, the priority lying 
with the American astronomess 

(598 ) It is by no meana merely aa a subject of antique 
nan interest, or on account of the brilliant spectacle which 
comets occasionally afford, that astronomers attach a high 
degree of importance to all that regards them Apart even 
from the singularity and mystery which appertains to their 
physical constitution, they have become, through the me 
dium of exact calculation, unexpected instruments of in 
quiry into points connected with the planetary system itself, 
of no small importance We have seen that the movements 
of the comet Encke, thus minutely and peraeveringly traced 
by the eminent astronomer whose name is used to distin 
guish it, has afforded ground for believing in the presence 
of a resisting medium filling the whole of our system Stmi 
lar inquiries, prosecuted in the cases of other periodical 
comets, will extend confirm or modify our conclusions on 
this head The perturbations, too which comets cxpericnco 
m passing near any of the planets may afford, and have 
affoided information aa to the magnitude of the disturbing 
masses which could not well be otherwise obtained Thus 
the approach of this comet to the planet Mercury in 1838 
afforded an estimation of the mass of that planet the more 
precious by reason of the great uncertainty under which all 
previous determinations of that element labored Its ap 
proach to the same planet in the year 1848 was still nearer 
On the 22d of November their mutual distance was only fif 
teen ttmes the moon s distance from the earth 

(69*) ) It 18 , however in a physical point of view that 
these bodies offer the greatest stimulus to our curiosity 
Thero is beyond question, some profound secret and mys 
tery of nature concerned m the phenomenon of their 'tails 
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Perhaps tt is not too mnch to hope that future observation, 
borrowing every aid from rational speculation, grounded on 
the progress of physical science generally (especially those 
branches of it which relate to the ethereal or imponderable 
elements), may erelong enable us to penetrate this mjstery, 
and to declare whether it is really mutter in the ordinary ac 
ceptation of the term which is projected from their heads 
with such extravagant velocity, and if not impelled, at least 
directed in Us course by a reference to the sun, as its point 
of avoidance In no respect is the question as to the mate 
nality of the tail more forcibly pressed on us for considera 
tion, than m that of the enormous sweep which it make3 
round the Ban m penhelio, in the manner of a straight and 
rigid rod, in defiance of the law of gravitation, nay, even of 
the received laws of motion extending (as we have seen in 
the comets of 1680 and 1843) from near the sun s surface to 
the earth’s orbit, yet whirled round unbroken in the latter 
case through an angle of 180° in little more than two honrs 
It seems utterly incredible that in such a case it is one and 
the same material object which is thus brandished If there 
could be conceived such a thing as a negative shadow, a mo 
mentary impression made upon the lumimferons ether be 
hind, the comet, this would represent in some degree the 
conception such a phenomenon irresistibly calls up But 
this is not all Even such an extraordinary excitement of 
the ether, conceive it as we will, will afford no account of 
the projection of lateral streamers, of the effusion of light 
from the nucleus of a comet toward the sun, and its subse 
quent rejection, of the irregular and capricious mode in 
which that effusion has been seen to take place, none of the 
clear indications of alternate evaporation and condensation 
going on in the immense regions of apace occupied by the 



610 


outlu.es of astronomy 


tail anti coma — none, in short, of innumerable other facts 
which link themselves with almost equally irresistible 
cogency to our ordinary notions of matter and force 

(600 ) Tho great number of comets which appear to move 
in parabolic orbits, or orbits at least indistinguishable from 
parabolas during their description of that comparatively 
small part within the range of their visibility to us, has 
given rise to an impression that they are bodies extraneous 
to our system, wandering through space, and merely yield 
ing a local and temporary obedience to its laws during their 
sojourn What truth there may bo m this view, we may 
never have satisfactory grounds for deciding On such a 
hypothesis, our elliptic comets owe their permanent deni 
zenship within the sphere of the sun’s predominant attrac 
tion to tho action of one or other of the planets near which 
they may have passed, in such a manner as to diminish their 
velocity, and render it compatible with elliptic motion " A 
similar cause acting the other way might with equal proba 
bihty give nse to a hyperbolic motion But whereas in tho 
former case the comet would remain in the system, and 
might make an indefinite number of revolutions, in the lat 
ter it would return no more This may possibly be the 
cause of the exceedingly rare occurrence of a hyperbolic 
comet U3 compared with elliptic ones 

(601 ) All the planets without exception, and almost 
all the satellites circulate in one direction Retrograde 
comets, however, are of very common occurrence, which 
certainly would go to assign them an exterior or at least 
an independent origin Laplace, from a consideration of 
all the cometary orbits known m the earlier part of the 


u Tho veloc ty in an ellipse is always leas than In a parabola at equal 
distances from the sun, id a hyperbola always greater 
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present century, concluded, that the mean or average situ- 
ation. of the planes of all the cometary orbits, with respect 
to the ecliptic, was so nearly that of perpend iculanty, as 
to afford no presumption of any cause biasing their direc 
tions in this respect Yet we think it worth noticing that 
among the comets which are as yet known to describe 
elliptic orbits, not one whose inclination is under 17® is 
retrograde, and that out of thirty six comets which have 
had elliptic elements assigned to them, whether of great or 
small excentncities, and without any limit of inclination, 
only five are retrograde, and of these, only two, viz Hal 
ley's and the great comet of 1843, can be regarded as satis 
factonly made out Finally, of the 125 comets whose ele 
ments are given m the collection of Schumacher and Olbers, 
up to 1823, the number of retrograde comets under 10® of 
inclination is only 2 out of 9, and under 20° 7 out of 23 " 
A plane of motion, therefore, nearly coincident with the 
ecliptic, and a periodical return, are circumstances emi 
nently favorable to direct revolution in the cometary as 
they are decisive among the planetary orbits [Here also 
we may notice a very ennous remark of Mr Hind (Ast 
Nachr No 724), respecting periodic comets viz that so 
far as at present known, they divide themselves for the 
most part into two families — the one having periods of 
about 76 years, corresponding to a mean distance about 
that of Uranus, the other corresponding more nearly with 
those of the asteroids, and with a mean distance between 
these small planets and Jupiter The former group con 
aiats of four members, Halley’s comet revolving in 76 years 
onft by Qlbwt w. 74 He. Y um’s. 4th. co.rn.fiA, ua. 

” So to ed t on of 1850 See however Appendix Table IV for a more 
recent view of these statistical particulars. 
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78, and Brorsen'a 3d m 76 respectively Examples of the 
latter group are to be seen in App Table TV. at the end 
of this volume ] 

We may add, too, a marked tendency in the major axes 
of periodical comets to group themselves about a certain 
determinate direction in space, that is to say, a line point 
mg to the sphere of the fixed stars northward to 70° long, 
and 30° N lat or nearly toward the Btar X Persei (in the 
Milky Way), and in the southern to a point (also in the 
Milky Way) diametrically opposite (Ast Nachr No 853) 

(601 a ) The third great comet of the present century 
(those of 1811 and 1843 being the other two) appeared from 
June 2, 1858 to January, 1859, being known as Donati’s 
comet, from its first discoverer Its head was remarkably 
brilliant, and its tail, like a vast aigrette or gracefully 
curved plume, extended, when longest, over a space of 
upward of SO 0 Its curvature was \ery marked, deflecting 
toward the region quitted by the comet, as if left behind 
(no proof as generally supposed, of any resistance expert 
enced m its motion, but a necessary consequence of the 
combination of its impulse outward from the sun with the 
proper velocity of the comet at the moment of its emission) 
The American observers speak of two long narrow, per 
fectly straight rays of faint light, tangents to the limiting 
curves of the aigrette at its quitting the head The phe 
nomena of the nucleus under high magnifying powers were 
very complex and remarkable In each of the years 1861, 
1862, appeared great comets that of 1861 through, or very 
near whose tail the earth passed on the 30th of June, was 
remarkable for the great length and straightness of one side 
of its taif that of 1862 for the high condensation of the 
nucleus and of the single jet issuing from it 
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PART II 

OF THE LVKil! AM) PLAFETARY PERTURBATIONS 
“Magnus »b ioiegro ixclorutn n&scitur ordo " — Tiro PoHio 

CHAPTER XII 

Subject I’ropou uled — Problem of Three Bodies — Superposition of Small 
Motions — Ksumation of the Disturbing Fore©— Its Oeomotrical Rep- 
resentation — Numerical Intimation in Particular Cases — Resolution 
Into Rectangular Components — Rada) Transversal and Orthogonal 
Disnirl mg Forces — Normal and Tangential — Their Characteristic Ef 
feels— V Sects of tho Orthogonal Force — Motion of the Nodes — Con 
ditiona of Uicir Advance and Recess — Coses of an Exterior Planet 
Disturbed by an Interior — Tba Reverse Case — In Every Case the 
Nods of the Daturbed Orbit Recedes on the Plane of the Diaturb 
log on an Average — Combined Effect of Many Such D aturbnnccs — 
Motion of the Moou'a Nodes — Change of Inc! nation — Conditions of 
its Increase and Diminution — Average Effect m a Whole Revolution 
— Compensation In a Complete Revolution of the Nodes — Lagrange’s 
Theorem of tho Stability of the Inclinations of the Planetary Orbita 
— Change of Obliquity of the Echpbc — Precession of the Equinoxes 
Explained — Nutation — Principle of Forced Vibrations 

(602 ) In the progress of this work, we have more tbaif 
once called the reader’s attention to the existence of in 
equalities in the lanar and planetary motions not included 
m the expression of Kepler's laws, bat in some sort supple 
mentary to them, and of an order so far subordinate to those 
leading features of the celestial movements, as to require, 
for their detection, nicer observations, and longer continued 
comparison between facts and theones, than suffice for the 
establishment and verification of the elliptic theory These 
mequafmes are known, in physical astronomy, 6y the name 
of perturbations They arise, in the case of the primary 
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planets, from the mutual gravitations of these planets to 
•ward each other, whioh derange their elliptic motions round 
the sun, and in that of the secondaries partly from the 
mutual gravitation of the secondaries of the same system 
similarly deranging their elliptic motions round their com 
mon primary, and partly from the unequal attraction of 
the sun and planets on them and on their primary These 
perturbations, although small, and, in most instances, in 
sensible ia short intervals of time, yet when accumulated, 
as some of them may become, in the lapse of ages, alter 
very greatly the original elliptic relations, so as to render 
the same elements of the planetary orbits which at one 
epoch represented perfectly well tbeir movements, made 
quate and unsatisfactory after long intervals of time 

(603 ) When Newton first reasoned his way from the 
broad features of the celestial motions up to the law of 
universal gravitation as affecting all matter, and rendering 
every particle in the universe subject to the influence of 
every other he was not unaware of the modifications which 
this generalization would induce upon the results of a more 
partial and limited application of tbe same law to the re VO 
lutions of the planets about the sun and the satellites about 
their primaries as their only centres of attraction So far 
from it, bis extraordinary sagacity enabled him to perceive 
very distinctly bow several of the most important of the 
luuar inequalities take their origin, in this more general 
way of conceiving the agency of the attracts e power, espe 
emlly the retrograde motion of the nodes, and the direct 
revolution of the apsides of her orbit And if he did not 
extend his investigations to the mutual perturbations of the 
planets, it was not for want of perceiving that such pertur 
bations must exist, and might go the length of producing 
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great derangements from the actual state of the system, bat 
was owing to the then undeveloped state of the practical 
part of astronomy, which had not yet attained the precision 
requisite to make such an attempt inviting, or indeed fcasi 
hie What Newton left undone, however, his successors 
have accomplished, and, at this day, it is hardly too much 
to assert that there is not a single perturbation, great or 
small, which observation has become precise enough clearly 
to detect and place in evidence which has not been traced 
up to its origin in the mutual gravitation of the parts 
of our system, and minutely accounted for, in its numen 
cal amount and value, by strict calculation on Newton’s 
principles 

(604) Calculations of this nature require a very high 
analysis for their successful performance, such as is far 
beyond the scope and object of this work to attempt ex 
hibiting The reader who would master them must prepare 
himself for the undertaking by an extensive course of pre 
paratory Btudy, and must ascend by steps which we must 
not here even digress to point out It will be our object, 
in this chapter, however to give some general insight into 
the nature and manner of operation of the acting forces, 
and to point out what are the circumstances which, in some 
cases, give them a high degree of efficiency — a sort of pur 
chase on the balance of the system, while, in others, with 
no less amount of intensity, their effective agency m pro 
ducing extensive and lasting changes is compensated or 
rendered abortive, as well as to explain the nature of 
those admirable results respecting the stability of our sys 
tem, to which the researches of geometers have conducted 
tlwffi, ‘ab.’ich, era. VMAhsai .otan&l thsorowA 

of great simplicity and elegance, involve the history of the 
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past and future state of the planetary orbita during ages 
of which, contemplating the subject in this point of view, 
we neither perceive the beginning nor the end 

(605) Were there no other bodies in the universe but 
the sun and one planet, the latter would describe an exact 
ellipse about the former (or both round their common cen 
tre of gravity), and continue to perform its revolutions in 
one and the same orbit forever, but the moment we add 
to our combination n third body, the attraction of this wi]J 
draw both the former bodies out of their mutual orbits, 
and, by acting on them unequally, will disturb their rela* 
tion to each other, and put an end to the rigorous and 
mathematical exactness of their elliptic motions, not only 
about a fixed point in space, but about one another From 
this way of propounding the subject, we see that it is not 
the whole attraction of the newly introduced body which 
produces perturbation, but the difference of its attractions 
on the two originally present 

(606 ) Compared to the sun, all the planets are of ex 
treme minuteness the mass of Jupiter, the greatest of them 
all, being not more than about one 1100th part that of the 
sun Their attractions on each other, therefore, are all 
very feeble, compared with the presiding central power, 
and the effects of their disturbing forces are proportionally 
minute In the case of the secondaries, the chief agent by 
which their motions are deranged is the sun itself, whose 
mass is indeed great, but whose disturbing influence is lm 
mensely diminished by their near proximity to their pnma 
nes, compared to their distances from the sun, which ren 
ders the difference of attractions on both extremely small, 
compared to the whole amount In this case the greatest 
part of the sun s attraction, viz that which is common to 
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both, 13 exerted to retain both primary and secondary m 
their common orbit abont itself, and prevent their parting 
company Only the small overplus of force on one as com 
pared with the other acts as a disturbing power The 
mean value of this overplus, m the case of the moon dis 
turbed by the sun, is calculated by Newton to amount to 
no higher a fraction than of gravity at the earth’s sur 
face, or m of the principal force which retains the moon in 
its orbit 

(607 ) From this extreme minuteness of the intensities 
of the disturbing, compared to the principal forces and the 
consequent smallness of their momentary effects it happens 
that ivo can estimate each of these effects separately, os if 
the others did not take place, without fear of inducing error 
in our conclusions beyond the limits necessarily incident 
to a first approximation It is a principle in mechanics, 
immediately flowing from the primary relations between 
forces and the motions they produce that when a number of 
very minute forces act at once on a system their joint effect 
is the sum or aggregate of their separate effects, at least 
within such limits that the original relation of the parts of 
the system shall not have been materially changed by their 
action Such effects supervening on the greater movements 
due to the action of the primary forces may be compared to 
the small nppltngs caused by a thousand varying breezes 
on the broad and regular swell of a deep and rolling ocean, 
which run on as if the surface were a plane, and cross m 
all directions without interfering, each as if the other had 
no existence It is only when their effects become accu 
mulated in lapse of time so as to alter the primary rela 
*jstn& ws daAs. ct th* -ay stem, that 'A bemmes. aeweMy te 
have especial regard to the changes correspondingly intro 
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duced into tlio estimation of their momentary efficiency, by 
which the rate of the subsequent changes is affected, and 
periods or cycles of immense length take their origin From 
this consideration anse some of the most curious theories ot 
physical astronomy 

(608 ) Hence it is evident, that in estimating the disturb 
mg influence of several bodies forming a system, m which 
one has a remarkable preponderance over all the rest, we 
need not embarrass ourselves with combinations of the dis 
turbing powers one among another, unless where immensely 
long periods arc concerned such as consist of many liun 
dreds of revolutions of the bodies in question about their 
common centre So that, in effect so far as we propose to 
go into its consideration the problem of the investigation 
of the perturbations of a system, however numerous coast! 
tuted as ours is reduces itself to that of a system of three 
bodies a predominant central body, a disturbing, and a 
disturbed the two latter of which may exchange denomi 
nations, according as the motions of the one or the other 
are the subject of inquiry 

(609 ) Both the intensity and direction of the disturb 
mg force are continually varying, according to the relative 
situation of the disturbing and disturbed body with respect 
to the sun If the attraction of the disturbing body M, on 
the central body S and the disturbed body P (by which 
designations, for brevity, we shall hereafter indicate them), 
were equal, and acted in parallel lines, whatever might 
otherwise be its law of variation, there would be no devia 
tion caused in the elliptic motion of P about S, or of each 
about the other The case would be strictly that of art 454, 
ike stiesotioo of il so mtvamsiaitoed betrtg st oroiy mo 
ment exactly analogous in its effects to terrestrial gravity, 
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which acts in parallel lines, anil is equally intense on all 
bodies, great and small But this is not the case of nature 
Whatever is Btated in the subsequent article to that last 
cited, of the disturbing effect of the sun and moon, is, 
mutatu mutandis, applicable to every case of perturbation, 
and it must be now our business to enter, somewhat more 
in detail, into the general heads of the subject there merely 
hinted at 

(610 ) To obtain clear ideas of the manner in which the 
disturbing force produces its various effects, we must ascer 
tain at any given moment, and in any relative situations of 
the three bodies its direction and intensity as compared 
with the groitation of P toward S in virtue of which 
latter force alone P would describe an ellipse about S re 
garded as fixed or rather P and S about their common 
centre of gra\ lty in virtue of their mutual gravitation to 
each other In the treatment of the problem of three 
bodies, it is convenient, and tends to clearness of appre 
hension, to regard one of them as fixed and refer the mo 
tions of the others to it as to a relative centre In the case 
of two planets disturbing each other s motions, the sun is 
naturally chosen as this fixed centre bat in that of satel 
htes disturbing each other or disturbed by the sun, the 
centre of their primary is taken as their point of reference 
and the sun itself is regarded in the light of a very distant 
and massive satellite revolving about the primary in a 
relatne orbit equal and Bimilar to that which the primary 
describes absolutely round the sun Thus the generality of 
our language is preserved, and when referring to any par 
ticular central body we speak of an exterior and an interior 
planet, we include the cases in which the former 13 the snn 
and the latter a satellite, as, for example, in the Lunar 
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theory. It ia a principle in dynamics, that the relative 
motions of a system of bodies \nter se arc no way altered 
by impressing on all of them a common motion or motions, 
or a common force or forces accelerating or retarding them 
all equally in common directions, » e in parallel lines 
Suppose, therefore, wo apply to all the three bodies, S, P, 
and M, alike, forces equal to those with which M and P 
attract S, but in opposite directions Then will the relative 
motions both of M and P about S bo unaltered, bat S, being 
now urged by equal and opposite forces to and from both 
M and P, will remain at rest Let us now consider how 
either of the other bodies, as P, stands affected by these 
newly introduced forces, in addition to thoso which before 
acted on it It is clear that now P will be simultaneously 
acted on by four forces, first, the attraction 0 / S in the 
direction P S, secondly, an additional force, m the same 
direction, equal to its attraction on S, thirdly, the attraction 
of Vi m the direction P M, and fourthly, a force parallel to 
M S, and equal to M s attraction on S Of these, the first 
two following the same law of the inverse square of the 
distance S P, may bo regarded as one lotce, precisely as if 
the sum of the masses of S and P wero collected ID S, and 
in virtue of tlieir joint actiou, P will describe an ellipse 
about S, except in so far as that elliptic motion is disturbed 
by the other two forces Thus we see that in this view of 
the subject the relative disturbing force acting on P is no 
longer the mere single attraction of U but a force resulting 
from the composition of that attraction with M s attraction 
on S transferred to P in a contrary direction 

(611 ) Let C P A he part of the relative orbit of the 
disturbed and M B of the disturbing body, their planes 
intersecting m the line of nodes SAB, and having to 
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each other the inclination expressed by the spherical angle 
PA« In M P, produced if required, take M N MS: 
M S' M P* Then, if S M' be taken to represent, in 
quantity and direction, the accelerative attraction of M on S, 
M S will represent in quantity and direction the new force 
applied to P, parallel to that line, and U II will represent 
on the same scale the accelerative attraction of M on P 
Consequently, the disturbing force acting on P will be the 



resultant of two forces applied at P, represented respectively 
by N M and SI S, which by the laws of dynamics are 
equivalent to a single force represented in quantity and 
direction bj N S, but having P for t Is point of application 

(612 ) The line N S is easily calculated by trigonom 
etry, when the relative situations and real distances of the 
bodies are known and the force expressed by that line is 
directly comparable with the attractive forces of S on P by 

1 The reader w 11 be careful tt> observe the order of the tetters where forces 
are represented by I nea MS represents a force acting from if toward 8 8 If 
from 8 ton a d M. 
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the following proportions, in which IT, S, represent the 
masses of those bodies which are supposed to be known, 
and to which, at equal distances, their attractions are 
proportional 

Disturbing force M’s attraction on S NS SM, 

M s attraction on S S’s attraction on M MS, 

S s attraction on M S’s attraction on P SP’ S 
by compounding which proportions we collect as follows 
Disturbing force S s attraction on P M N S S P* 

S S M 1 

A few numerical examples are subjoined, exhibiting the 
results of this calculation in particular cases, chosen so as 
to exemplify its application under very various circum 
stances throughout the planetary system In each case 
the numbers set down express the proportion in which the 
central force retaining the disturbed body in its elliptic 
orbit exceeds the disturbing force, to the nearest whole 
number The calculation is made for three positions of the 
disturbing body, viz at its greatest, its least, and its mean 
distance from the disturbed 


D storb og Bodj 

D sturbed Body 

Rat o at the 
greatest DIs- 

Ratio at the 
mean Distance 
tl 

Ratio at tbe 
least D stance 
1 

The Sun 

The Moon 

90 

179 


Jup ter 

Saturn 

354 

312 



The Earth 

95683 

141575 



The Earth 

255203 

210245 


Neptune 

Uranua 

67420 



Merc r y 

Neptune 

845 

845 



Ceres 

6433 

6937 


Saturn 

Jup ter 

20248 

21579 

3065 


(613 ) If the orbit of the disturbing body be circular, 
S M is invariable In this case N S will continue to rep 
resent the disturbing force on the same invariable scale , 
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whatever may be the configuration of tho three bodies with 
respect to each other If the orbit of M bo bat little elliptic, 
the Bame will be nearly tho case In what follows through- 
out this chapter, except where the contrary is expressly 
mentioned, we shall neglect the excentncity of tho disturb- 
ing orbit 

(614 ) If P be nearer to M than S is, M N is greater than 
M P, and N lies in M P prolonged, and therefore on the 
opposite side of the plane of P s orbit from that on which 
M is situated The force N S therefore urges P toward M’s 
plane, and toward a point X, situated between 5 and M, in 
the line S M If the distance M P be equal to M S as when 
P is situated, suppose at D or E, M N is also equal to M P 



or M S, so that N coincides with P, and therefore X with 
S, the disturbing forces being in these cases directed louard 
the central body But if M P be greater than >( S, M N 
is less than M P, and N lies between M and P, or on the 
same side of the plane of P's orbit that M is situated on 
The force H S, therefore, applied at P, urges P toward the 
contrary side of that plane toward a point in the line M S 
produced, so that X now shifts to the farther side of S In 
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all cases, the disturbing force is wholly effective m the 
plane M P S, in which the three bodies lie 

It is very important for the student to fix distinctly and 
bear constantly in hiB mind these relations of the disturbing 
agency considered as a single unresolved force , since their 
recollection will preserve him from any mistakes in conceiv 
ing the mutual actions of the planets, etc , on each other 
For example, in the figures here referred to, that of art 
611, corresponds to the case of a nearer disturbed by a more 
distant body, as the earth by Jupiter, or the moon by the 
Sun, and that of the present article to the converse case, 
as, for instance, of Mars disturbed by the earth Now, in 
this latter class of cases, whenever M P is greater than M S, 
or S P greater than 2 S M, N lies on the same side of the 
plane of P s orbit with M, so that N S, the disturbing force, 
contrary to what might at first be supposed, always urges 
the disturbed planet out of the plane of its orbit toward the 
opposite side to that on which the disturbing planet lies It 
will tend greatly to give clearness and definiteness to his 
ideas on the subject, if he will trace out on various supposi 
tiocB as to the relative magnitude of the disturbing and dis 
turbed orbits (supposed to lie in one plane) the form of the 
oval about M considered as a fixed point, in which the point 
N lie3 when P makes a complete revolution round S 

(615 ) Although it is necessary for obtaining in the first 
instance a clear conception of the action of the disturbing 
force, to consider it in this way as a single force having a 
definite direction m space and a determinate intensity, yet 
as that direction is continually varying with the position of 
N S, both with respect to the radii S P, S M, the distance 
P SI, and the direction of P s motion, it would be impos* 
Bible, by so considering it, to attain clear views of its dy- 
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namical effect after any considerable lapse of time, and it 
therefore becomes necessary to resolve it into other equiva 
lent forces acting in such directions as shall admit of distinct 
and separate consideration Now this may be done in sev 
eral different modes First we may resolve it into three 
forces acting in fixed directions in Bpace rectangular to one 
another and by estimating its effect in each of these three 
directions separately, conclude the total or joint effect 
This is the mode of procedure which affords the readiest 
and most advantageous handle to the problem of perturba 
tions when taken up in all its generality and is accordingly 
that resorted to by geometers of the modern school in all 
their profound researches on the subject Another mode 
consists m resolving it also into three rectangular compo 
nents not however in fixed directions but m variable ones 
viz m the directions of the lines N Q Q L and L S of 
which L S is in the direction of the radius vector SP QL 
in a direction perpendicular to it and in the plane in which 
S P and a tangent to P s orbit at P both lie and lastly 
N Q m a direction perpendicular to the plane in which P is 
at the instant moving about S The first of these resolved 
port ons we may term the radial component of the disturb 
ing force or simply the radial disturbing force tl e second 
the transversal and the third the orll ogonal * "When the 
disturbed orbit is one of small excentncity the transversal 
component acts nearly in the direction of the tangent to P a 
orbit at P and is therefore confounded with that resolved 
component which we shall presently describe (art 618) 
under the name of the tangential force This is the mode 


• T s is a term co ned /or the occas oo The want of some 
tl a compone t of tl o d scu bitig force of en felt. 


sppcllal on for 
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of resolving the disturbing force followed by Newton and 
his immediate successors 

(616 ) The immediate actions of these components of the 
disturbing force are evidently independent of each other, 
being rectangular in their directions, and they affect the 
movement of the disturbed body in modes perfectly distinct 
and characteristic Thus, the radial component, being 
directed to or from the central body, has no tendency to 
disturb either the plane of P s orbit, or the equable descrip 
tion of areas by P about S, since the law of areas propor 
tional to the times is not a character of the force of gravity 
only, but holds good equally, whatever be the force which 
retains a body m an orbit, provided only its direction is al 
ways toward a fixed centre * Inasmuch, however, as its law 
of variation is not conformable to the Bimple law of gravity, 
it alters the elliptic form of Pa orbit, by directly affecting 
both its curvature and velocity at every point In virtue, 
therefore, of the action of this disturbing force, the orbit 
deviates from the elliptic form by the approach or recess of 
P to or from S, so that the effect of the perturbations pro 
duced by this part of the disturbing force falls wholly on 
the radius vector of the disturbed orbit 

(617 ) The transversal disturbing force represented by 
Q L, ou the other hand, has no direct action to draw P to 
or from S Its whole efficiency is directed to accelerate or 
retard P s motion in a direction at right angles to S P 
Now the area momentarily described bj P about S, is, 
catena paribus, directly as the velocity of P m a direction 
perpendicular to S P Whatever force, therefore, incrca«cs 
this transverse velocity of P, accelerates the description of 
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areas, and nceiersS "With the area A S P is directly con 
nected, by the nature of the ellipse, the angle A S P do 
scnbed or to be described by P from a fixed line m the 
plane of the orbit, bo that any change jn the rate of descrip 
tion of areas ultimately resolves itsolf into a change in the 
amount of angular motion about S, and gives rise to a de 
parture from the elliptic laws Hence arise what are called 
in the perturbational theory equations (t e changes or flue 
tuations to and fro about an average quantity) of the mean 
motion of the disturbed body 

(618 ) There is yet another mode of resolving the dis 
torbing force into rectangular components, which, though 
not so well adapted to the computation of results, in reduc 
mg to numerical calculation the motions of the disturbed 
body, is fatted to afford a clearer insight into the nature of 
the modifications which the form magnitude, and situation 
of its orbit undergo in virtue of its action and which we 
shall therefore employ in preference It consists in estimat 
mg the components of the disturbing force which lie in the 
plane of the orbit not in the direction we have termed 
radial and transversal t e in that of the radius vector P S 
and perpendicular to it, but in the direction of a tangent to 
the orbit at P, and m that of a normal to the curve and at 
right angles to the tangent for which reason these compo 
nent3 may be called the tangential and normal disturbing 
forces When the orbit of the disturbed body is circular, 
or nearly so, this mode of resolution coincides with or differs 
but little from the former but when the elhpticity is con 
siderable these directions may deviate from the radial and 
transversal directions to anj extent As in the Newtonian 
mode of resolution the effect of the one component falls 
wholly upon the approach and recess of the body P to the 
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central body S, and of the other wholly on the rate of de- 
scription of areas by P round S, so in this which we are now 
considering, the direct effect of the one component (the nor- 
mal) falls wholly on the curvature of the orbit at the point 
of its action, increasing that curvature when the normal 
force acts inward, or toward the concavity of the orbit, .and 
diminishing it when in the opposite direction, while, on the 
other hand, the tangential component is directly effective on 
the velocity of the disturbed body, increasing or diminish 
ing it according as its direction conspires with or opposes its 
motion It is evident enough that where the object is to 
trace Simply the changes produced by the disturbing force, 
in angle and distance from the central body, the former mode 
of resolution must have the advantage in perspicuity of 
view and applicability to calculation It is less obvious, 
but will abundantly appear m the sequel that the latter 
offers peculiar advantages in exhibiting to the eye and the 
reason the momentary influence of the disturbing force on 
the elements of the orbit itself 

(619 ) Neither of the last mentioned pairs of resolved 
portions of the disturbing force tends to draw P out of the 
plane of its orbit PSA Put the remaining or orthogonal 
portion N Q nets directly and solely to produce that effect. 
In consequence, under the influence of this force, P must 
f^uit that plant, and (the same cause continuing m action) 
must desen be a curie of double curvature as it is called, no 
two consecutive portions of which lie in the same piano 
passing through S The effect of this is to produce n con 
tinual variation in those elements of tbo orbit of P on which 
die situation of its plane m space depends, t e on its tnclma 
tion to a fixed plane, and the position in such a plane of the 
node or line of its intersection therewith As this, among 
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all the various effects of perturbation, is that which is at 
once the most simple in its conception, and the easiest to 
follow into its remoter consequences, we Bhall begin with its 
explanation 

(620 ) Suppose that up to P (arts 611, 614) the body were 
describing an undisturbed orbit G P Then at P it would 
be movxngMU the direction of a tangent P R to the ellipse 
P A, which prolonged will intersect the plane of M'a orbit 
somewhere m the line of nodes, as at R Now, at P, let the 
disturbing force parallel to N Q act momentarily on P, then 
P will be deflected m the direction of that force, and instead 
of the arc P p, which it would have described in the next 
instant if undisturbed, will describe the arc P q lying m the 
state of things represented in art 611 below and in art 
614 above P p with reference to the plane PSA Thus, 
by this action of the disturbing force, the plane of P s orbit 
will have shifted its position in space from Pb; (an ele 
mentary portion of the old orbit) to PSy, one of the new 
Now the line of nodes S A B m the former is determined 
by prolonging P p into the tangent P R intersecting the 
plane 11 S B in R, and joining S R And m like manner, 
if we prolong P 5 into the tangent P r, meeting the same 
plane in r, and join S r, this will be the new line of nodes 
Thus we see that, under the circumstances expressed m the 
former fignre, the momentary action of the orthogonal dis 
turbing force will have caused the line of nodes to retrograde 
upon the plane of the orbit of the disturbing body, and 
under those represented m the latter to advance And it is 
evident that the action of the other resolved portions of the 
disturbing force will not in the least interfere with this re 
suit, lor neither of them tends either to carry P out ol its 
former plane of motion, or to prevent its quitting it Their 
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influence would merely go to transfer the points of internee 
tion of the tangents P p or P q from R or r to It or r , points 
nearer to or further from S than R r, but in the same lines 

(621 ) Supposing, now, M to he to the left instead of the 
right side of the line of nodes in Jig 1, P retaining its situa 
tion, and M P being less than M S, so that X shall still lie 
between M and S In this situation of things (or configura 
lion, as it is termed of the three bodies with respect to each 
other) N will lie below the plane ASP, and the disturbing 
force will tend to ruse the body P above the plane, the re 
solved orthogonal portion N Q in this case acting upward 
The disturbed arc P q will therefore he above P p, and 
when prolonged to meet the plane MSB will intersect it 
in a point in advance of R, so that in this configuration the 
node will advance upon the plane of the orbit of M, pro 
vided always that the latter orbit remains fixed, or, at least, 
does not itself shift its position in such a direction as to de- 
feat this result 

(622 ) Generally speaking, the node of the disturbed orbit 
will recede upon any plane which we may consider as fixed, 
whenever the action of the orthogonal disturbing force tends 
to bring the disturbed body nearer to that plane, and vice 



versd This will be evident on n mere inspection of the an 
nexed figure, in which C A represents a semicircle of the 
projection of the fixed plane as seen from S on the sphere of 
the heavens, and CPA that of tho plane of P s undisturbed 
orbit tho motion of P being in the direction of the arrow, 
from C the ascending, to A the descending node It is at 
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once seen, by prolonging P q, P q’ into arcs of great circles, 
P r, P r' (forward or backward, ns the caso may be) to meet 
C A, that tho node will have retrograded through tbo arc 
A r, or C r, whenever P q lies between CPA and C A, or 
when the perturbing force carries P toward the fixed plane, 
but will have advanced through A r orCr' when P q' lies 
above C P A, or when the disturbing impulse has lifted P 
above its old orbit or away from tho fixed plane, and Ihia 
without any reference to whether the unduturled orhtual mo 
tton ofVat the moment ta carrying it toward the plane C A or 
from if, as m tho two cases represented in the figure 

(623 ) Let us now consider the mutual disturbance of two 
bodies M and P, in the various configurations in which they 
may be presented to each other and to tbevr common central 
body. And first, let us take the case, as the simplest, where 
the disturbed orbit is exterior to that of the disturbing body 
(as in fiy art 614), and the distance between the orbits 
greater than the setmaxis of the smaller First, let both 
planets lie on the same side of the line of nodes Then (as 
in art 620) the direction of the whole disturbing force, and 
therefore also that of its orthogonal component, will be 
toward the opposite side of the plane of P s orbit from that 
on which M lies Its effect therefore will be to draw P out 
of its plane in a direction from the plane of U a orbit, so 
that in this state of things the node will advance on the lat 
ter plane, however P and M may be situated in these semi 
circumferences of their respective orbits Suppose next, M 
transferred to the opposite side of the line of nodes, then 
will the direction of its action on P, with respect to the plane 
of P s orbit, be reversed, and P in quitting that plane will 
now approach to instead of receding from the plane of ll’a 
orbit, so that its node will now recede on that plane 

AstroxOuy— Y ol XX— 1 



632 


OUTLINES OF ASTRONOMY . 


(624 ) Thus, while M and P revolve about S, and in the 
course of many revolutions of each are presented to each 
other and to S m all possible configurations, the node of P’s 
orbit will always advance on M’s when both bodies are on 
the same side of the line of nodes, and recede when on the 
opposite They will therefore, on an average, advance and 
recede during equal times (supposing the orbits nearly cir 
cular) And, therefore, if their advance were at each in 
stant of its duration equally rapid with their recess at each 
corresponding instant during that phase of the movement, 
they would merely oscillate to and fro about a mean post 



tion, without any permanent motion m either direction 
But this is not the case The rapidity of their recess in 
every position favorable to recess is greater than that of 
their advance in the corresponding opposite position To 
show this, let us consider any two configurations in which 
M s phases are diametrically opposite, so that the triangles 
P S M, P S M , shall lie in ono plane, having an} inclination 
to P s orbit, according to the situation of P Produce P S, 
and draw MwM m perpendicular to it, which will therefore 
bo equal Take M N MS 1! S* 11 P*, and M' N' 

M S M S' M F' then, if the orbits be nearly circles, 
and therefore MS = M S, N M will be less than M K, and 
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therefore (since P M' 13 greater than P M) P N' : P Jl' in a 
greater ratio than PN :PM, and consequent!), b) similar 
triangles, drawing N n, N' »' perpendicular to P S, N’ n 
M' m' in a greater ratio than N n M m, and therefore N' » 
is greater than N n Now the plane P M M' intersects P s 
orbit in P S| and being inclined to that orbit at the same 
angle through its whole extent, if from N and N perpen 
diculars be conceived let fall on that orbit, these will be to 
each other in the proportion of N n, N n , and therefore 
the perpendicular from N' will be greater than that from N 
Now since by art 811 N S and N S represent in quantity 
and direction the total disturbing forces of M and M on P 
respectively, therefore these perpendiculars express (art 615) 
the orthogonal disturbing forces the former of which tends 
(a8 above shown) to make the nodes recede and the latter to 
advance, and therefore the preponderance in every such 
pair of situations of M is in favor of a retrograde motion 
(625 ) Let us next consider the case where the distance 
between the orbits is less than the scmtaxis of the interior, 
or in which the least distance of M from P is less than M S 
Take any situation of P with respect to the line of nodes 



A 0 Then two points d and e, distant by less than 120°, 
can be taken on the orbit of M equidistant from P with S 
Suppose M to occupy successively every possible situation 
in its orbit, P retaining it3 place, — then, if it were not for 
the existence of the arc d e, in which the relations of art 624 
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are reversed, it would appear by the reasoning of that article 
that the motion of the node is direct when M occupies any 
part of the semiorbit F M B, and retrograde when it is in 
the opposite, but that the retrograde motion on the whole 
would predominate Much more then will it predominate 
when there exists an arc dMe within which if M be placed, 
its act)ou will produce a retrograde instead of a direct 
motion 

(626 ) This supposes that the arc cf e lies wholly in the 
semicircle F d B Bat suppose it to lie, as in the annexed 
figure, partly wtthm and partly without that circle The 
greater part d B necessarily lies within it, and not only so, 
but within that portion, the point of M’s orbit nearest to P, 
m which, therefore, the retrograding force has its maximum, 



is situated Although, therefore, in the portion B e, it is 
true, the retrograde tendency otherwise general over the 
whole of that semicircle (art 624) will be reversed, yet the 
effect o! thi c will bo mnch more than counterbalanced hy 
the more energetic and more prolonged retrogrado action 
over d B, and, therefore, m this case also, on the average 
of e\ ery possiblo situation of M, the motion of the node will 
be retrograde 

(627 ) Let us lastly consider an interior planet disturbed 
by an exterior Take if D and if E (fig of art 611), each 
equal to M S Then first, when P is between D and the 
node A, being nearer than S to M, tho disturbing force acts 
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toward M s orbit on the side on which M lies, and the node 
recedes It also recedes when (M retiming the same situa 
tion) P is in any part of the arc E C from E to the other 
node becau a o in that situation the direction of the disturb 
ing force, it is true is reversed, but that portion of P s orbit 
being also rcverselj situated with respect to the plane of 
M s, P is still urged toward the latter plane, but on the side 
opposite to M Thus (M holding its place) whenever P is 
anywhere in D A or E C, the node recedes On the other 
hand, it advances whenever P is between A and E or be 
tween C and D, because, m these arcs, only one of the two 
determining elements (\iz the direction of the disturbing 
force with respect to the plane of P s orbit, and the situa 
turn of the one plane with respect to the other as to abate 
and below) has undergone rctersal Now first whenever 
M is anywhere but m the line of nodes, the sum of the arcs 
D A and E C exceeds a semicircle and that the more, the 
nearer JI is to a position at right angles to the lino of nodes 
Secondly, the arcs favorable to the recess of the node com 
prehend those situations in which the orthogonal disturbing 
force is most powerful, and vice vend This is evident, be 
cause as P approaches D or E this cor ponent decreases, 
and vanishes at those points (012) The movement of the 
node itself aIbo vanishes when P comes to the node, for al 
though m this position the disturbing orthogonal force 
neither vanishes nor changes its direction, yet since at the 
instant of P s passing the node (A) the recess of the node is 
changed into an advance, it must necessarily at that point 
be stationary * Owing to both these causes, therefore (that 


* ti.avtnM. tf.aBT?. t Hh '•*» ■k t'tsmge. y«5 Vwthi ’jJ.w&'i/Wj, 

bat the continuity ol the node's mot on will be apparent from an inspection of 
the annexed figure where Sad is a port on of P b d atnrbed path near tha 
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the node recedes during a longer time than it advances, and 
that a more energetic force acting in its recess causes it to 
recede more rapidly), the retrograde motion will preponder 
ate on the whole in each complete synodic revolution of P 
And it is evident that the reasoning of this and the fore 
going articles is np way vitiated by a moderate amount 
of excentncity in either orbit 

(628 ) It is therefore a general proposition, that on the 
average of each complete synodic revolution, the node of 



every disturbed planet recedes upon the orbit of the disturb 
ing one, or, in other words, that in every pair of orbits, the 
node of each recedes upon the other, and of course upon any 
intermediate plane which we may regard ns fixed On a 
plane not intermediate between them, however, the node of 
one orbit will advance, and that of the other Will recede 

nodo A, coo care toward the piano G A. The momentary place of the mo ring 
node is determined by the intersection of the tangent 6 a with A G which as 



b paasen through a to d recedes from A to a rests there for an Instant, a*d 
then nd ranee* again 
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Suppose, for instance, C A C to bo a piano intermediate bo 
tween P P and M if tho two orbits. If p p and m m be tbo 
new positions of the orbits, tho node of P on if will hnvo 
receded from A to 6, that of M on P from A to 4, that of P 
and if on C C respectively from A to 1 and from A to 2 
But if F A F be a plane not intermediate, tho node of M on 
that plane has receded from A to 6, bat that of P will have 
advanced from A to 7. If the fixed piano have not a com 
mon intersection with those of both orbits, it is equally easy 
to see that the node of the disturbed orbit may cither rccedo 
on both that plane and the disturbing orbit or advance on 
the one and recede on the other, according to the relative 
situation of the planes 

(629 ) This is the case with the planetary orbits They 
do not all intersect each other in a common node Although 
perfectly true, therefore, that the node of any one planet 
would recede on the orbit of any and each other by the 
individual action of that other, yet, when all act together, 
recess on one plane may be equivalent to advance on 
another, so that the motion of the node of any one orbit 
on a given plane, arising from their joint action, taking 
into account the different situations of all the planes, be 
comes a curiously complicated phenomenon whose law 
cannot be very easily expressed in words, though reducible 
to strict numerical statement, being, m fact, a mere geomet 
ncal result of what is above shown 

(630 ) The nodes of all the planetary orbits on the true 
ecliptic, as a matter of fact, are retrograde, though they are 
not all so on a fixed plane, such as we may conceive to 
exist in the planetary system, and to be a plane of reference 
unaffected by their mutual disturbances It is, however, 
to the ecliptic, that we are under the necessity of referring 
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their movements from oar station in the system; and if wo 
would transfer our ideas to a ilsod plane, it becomes neces* 
sary to take account of the variation of the ecliptic itself, 
produced by the joint ret ion of all the planets. 

(631.) Owing to the smallness of tho masses of the planets 
and their great distances from each other, the revolutions of 
their nodes are excessively slow, being in every case less 
than a single "degree per century, and in most cases not 
amounting to half that quantity. It is otherwise with the 
moon, and that owing to two distinct reasons. First, that 
the disturbing force itself ansing from, the sun's action (as 
appears from the table given in art. 612) bears a much larger 
proportion to the earth’s central attraction on the moon than 
in the case of any planet disturbed by any other. And 
secondly, because the synodic revolution of the moon, 
within which the average is struck (and always on tho 
side of recess), is only 29J days, a period much shorter than 
that of any of the planets, and vastly so than that of several 
among them. All this is agreeable to what has already been 
stated (arts. 407, 408) respecting tho motion of the moon's 
nodes, and it is hardly necessary to mention that, when cal- 
culated, as it has been, d priori from an exact estimation 
of all the acting forces, the result is found to coincide with 
perfect precision with that immediately derived from obscr* 
\ation, so that not a doubt can subsist as to this being tho 
real process by which so remarkable an effect is produced. 

(632.) So far as the physical condition of each planet is 
concerned, it is evident that the position of their nodes can 
bo of little importance. It is otherwise with the mutual 
inclinations of their orbits with respect to each other, and 
to the equator of each. A \anation m the position of tho 
ecliptic, for instance, by which Us polo should shift its dis* 



OUTLINES or ASTIiOSOSIT 


tance from the polo of the equator, would disturb our 
seasons Should the plane of the earth’s orbit, for instance, 
over be bo changed as to bring the ecliptic to coincide with 
the equator, we should have perpetual spring over all the 
world, and, on the other hand, should it coincide with 
a meridian, tho extremes of summer and winter would be 
come intolerable Tho inquiry, then, of the variations of 
inclination of the planetary orbits inter se, is one of much 
higher practical interest than those of their nodes 

(633 ) Referring to the figures of art CIO et seq , it is 
evident that the plane S P q, in which tho disturbed body 
moves during an instant of time from its quitting P, is 
differently inclined to the orbit of IT, or to a fixed plane, 
from the original or undisturbed plane P S^> The differ 
euce of absolute position of these two planes in spaco is the 
angle made between the planes P S R and P S r, and is 
therefore calculable by spnerical trigonometry, when the 
angle RSror the momentary recess of the node is known, 
and also the inclination of the planes of the orbits to each 
other We perceive then, that between the momentary 
change of inclination and the momentary recess of the 
node there exists an intimate relation, and that the research 
of the one is in fact bound up m that of the other This 
may be, perhaps, made clearer, by considering the orbit of 
P to be not merely an imaginary line, but an actual circle 
or elliptic hoop of some rigid materia], without inertia, on 
which, as on a wire the body P may Blide as a bead It 
is evident that the position of this hoop will be determined 
at any instant, by its inclination to the ground plane to 
which it is referred and by the place of its intersection 
therewith or node It will also be determined by the 
momentary direction of P s motion, which (having no 
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inertia) it must obey, and any change by which P should, 
in the next instant, alter its orbit, would be equivalent to 
a shifting, bodil 3 , of the whole hoop, changing at once its 
inclination and nodes 

(634 ) One immediate conclusion from what has been 
pointed out above, is that where the orbits, as m the case 
of the planetary system and the moon, are slightly inclined 
to one another, the momentary variations of the inclination 
are of an order much inferior in magnitude to those in the 
place of the node This is evident on a mere inspection of 
our figure, the angle EPr being, by reason of tho small 
inclination of the planes SP R and R S r, necessarily 
much Bmaller than the angle ESr In proportion as tho 
planes of the orbits are brought to coincidence, a very 
trifling angular movement of P /> about P S as an axis will 
make a great variation in the situation of the point r, where 
its prolongation intersects the ground plane 

(635) Referring to the figure of art 622, we perceito 
that although the motion of the node is retrograde whenever 
the momentary disturbed arc P Q lies between the planes 
C A and C G A of the two orbits, and t ice i-crsd, indiffer- 
ently whether P be in tho act of receding from the piano 
C A, ns in the quadrant C G, or of approaching to it, as 
in G A, jLt the same identity ns to tho character of tho 
change does not subsist m respect of the inclination Tho 
inclination of the disturbed orbit (i e of its momentary 
element) P q or P q , is measured by the spherical nnglo 
P r II or P r II Now in the quadrant C G, P r II ih Jess, 
and P r II greater than P C II, but in G A, the conterse 
Hence this rule 1st, If the disturbing force urge P toward 
tin. plane of M s orbit, and the undi»turl>cd motion of P carry 
it also toward that plane, and 2dly, if the disturbing force 
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urge P from that plane, while P’s undisturbed motion also 
carries jt from it, m cither case the inclination momentarily 
increases; bnt if, Sdly, the disturbing force act to, and P's 
motion carry it from — or if the force act from, and the mo- 
tion carry it to, that plane, the inclination momentarily 
diminishes. Or (including all the cases under one alter- 
native) if the action of the disturbing force nnd the undis- 
turbed motion of P with reference to the plane of M’s orbit 
be of the same character, the inclination increases; if of 
contrary characters, it diminishes. 

(636 ) To pass from the momentary changes which take 
place in the relations of nature to the accumulated effects 
produced in considerable lapses of timo by the continued 
action of the same causes, under circumstances varied by 
these very effects, is the business of the integral calculus 
Without going into any calculations, however, it will bo 
easy for us to demonstrate, from the principles above laid 
down, the leading features of this part of the planetary 
theory, viz. the periodic nature of the change of the in- 
clinations of two orbits to each other, the re-establishment 
of their original values, and the consequent oscillation of 
each plane about a certain mean position. As in explain- 
ing the motion of the nodes, we will commence, as the 
simplest case, with that of an exterior planet disturbed by 
an interior one at less than half its distance from the central 
body. Let A C A' be the great circle of the heavens into 
winch M’s orbit seen from S is projected, extended into a 
straight line, and A g C h A' the corresponding projection 
of the orbit of P so Been. Let M occupy some fixed situa 
tion, suppose in the semicircle A C, and let P describe a 
complete revolution from A through g C h to A'. Then 
while it is between A and <7 or in its first quadrant, its mo- 
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tion is from tho 'plane of M’s orbit, and at the same time 
the orthogonal force acta from that plane: tho inclination, 
therefore (art. 036) increases. In the second quadrant tho 
motion of P is to, but tho force continues to act from, 
the plane, and tho inclination again decreases. A similar 
alternation takes place in its course through tho quadrants 
C h and h A. Thus tho piano of P’s orbit oscillates to and 
fro about its mean position twico in each revolution of P. 
During this process if M held a fixed position at G, the 
forces being symmetrically alike on either side, the extent 
of these oscillations would be exactly equal, and the inclina- 
tion at tho end of one revolution of P would revert precisely 
to its original value. But if 31 bo elsewhere, this will not 
be the case, and in a single revolution of P, only a partial 
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compensation will be operated, and an overplus on the side, 
suppose of diminution, will remain outstanding. But when 
M comes to U', a point equidistant from G on the other 
side, this effect will bo precisely reversed (supposing the 
orbits circular) On tho average of both situations, there- 
fore, the effect will be the same ns if M were divided into 
two equal portions, one placed at 11 and the other at M', 
which will annihilate the preponderance in question and 
effect a perfect restorations And on an average of all pos- 
sible situations of M, the effect will in like manner be 
the same as if its mass were distributed over the whole 
circumference of its orbit, forming a ring, each portion of 
which will exactly destroy the effect of that similarly 
situated on the opposite side of the line of nodes 
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(637 ) The reasoning is precisely similar for the more 
complicated cases of arts 620 and C27 Suppose that 
owing either to the proximity of the two orbits (m the case 
of an extenor disturbed planet) or to the disturbed orbit 
being rntenor to the disturbing one, there were a larger or 
le«s portion, d e, of P’s orbit m which these relations were 
reversed Let M be the position of M' corresponding to 
d c, then taking 6M =GM, there will be a similar portion 
d c bcanng precisely the same reversed relation to M', and 
therefore, the actions of M M will equally neutralize each 
other in this as m the former state of things 

(638 ) To operate a complete and ngorous compensation, 
however, it is necessary that M should be presented to P in 
every possible configuration, not only with respect to P 
itself, but to the line of nodes, to the position of which 
line the whole reasoning bears reference In the case of 
the moon, for example, the disturbed body (the moon) 
revolves in 27‘ 822, the disturbing (the son) m 865 4 2 56, and 
the hue of nodes m 6793* 391, numbers in proportion to 
each other about as 1 to 13 and 249 respectively Now in 
13 revolutions of P, and one of 11, if the node remained 
fixed, P would have been presented to M so nearly in every 
configuration as to operate an almost exact compensation 
But in 1 revolution of M, or IS of P, the node itself has 
shifted if, or about ol a revolution, in a direction opposite 
to the revolutions of M and P, so that although P has been 
brought back to the same configuration with respect to M, 
both are of a revolution in advance of the same configure 
tion as respects the node The compensation, therefore, 
will not be exact, and to make it so, this process must be 
gone through 19 times, at the end of which both the bodies 
will be restored to the same relative position, not only with 
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respect to each other, but to the node The fractional parte 
of entire revolutions, which m this explanation have been 
neglected, are evidently no farther influential than as ren 
dering the compensation thus operated m a revolution of 
the node slightly inexact, and thus giving rise to a com 
pound period of greater duration, at the end of which a 
compensation almost mathematically rigorous will have 
been effected 

(639 ) It is clear then, that if the orbits be circles, the 
lapse of n very moderate number of revolutions of the bodies 
will very nearly, and that of a revolution of the node almost 
exactly, bring about a perfect restoration of the inclinations 
If, however, we Buppose the orbits excentnc, it is no less 
evident, owing to the want of symmetry in the distribution 
of the forces, that a perfect compensation will not be effected 
either in one or in any number of revolutions of P and M, 
independent of the motion of the node itself, as there will 
always be some configuration more favorable to either an in 
crease of inclination than its opposite is unfavorable Thus 
will arise a change of inclination which, were the nodes and 
apsides of the orbits fixed, would be nlways progressive m 
one direction until the planes were brought to coincidence 
But, 1st, half a revolution of the nodes would of itself re 
verse the direction of thi3 progression by making tho posi 
tion in question favor the opposite movement of inclination, 
and, 2dly, the planetary apsides are themselves in motion 
with unequal velocities, and thus tho configuration whose 
influence destroy a the balance, is itself, always shifting its 
place on the orbits The variations of inclination dependent 
on the exccntncities are therefore like those independent of 
Vnwi penodicd, and being, moreover, of an order more 
minute (by reason of the smallness of the excentncities) 
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than the latter, it is evident that the total variation of the 
planetary inclinations must fluctuate within very narrow 
limits. Geometers have accordingly demonstrated by an 
accurate analysis of all the circumstances, and an exact esti- 
mation of the acting forces, that such is the case; and this 
is what is meant by asserting the stability of the planetary 
system as to the mutual inclinations of its orbits. By the 
researches of Lagrange (of whoso analytical conduct it ia 
impossible here to give any idea), the following elegant 
theorem has been demonstrated:— 

“ If the mass of every -planet be multiplied by the square root 
of the major axis of its orbit, and the product by the square of 
the tangent of its inclination to a fixed plane, the sum of all 
these products mil be constantly the same under the influence 
of their mutual attraction ." If the present situation of the 
plane ol the ecliptic be taken for that fixed plane (the eclip- 
tic itself being variable like the other orbits), it is found that 
this sum is actually very small: it must, therefore, always 
remain bo. This remarkable theorem alone, then, would 
guarantee the stability of the orbits of the greater planets; 
but from what has above been shown of the tendency of each 
planet to work out a compensation on every other, it is evi- 
dent that the minor ones are not excladed from this benefi- 
cial arrangement. 

(640 ) Meanwhile, there is no doubt that the plane of the 
ecliptic does actually vary by the actions of the planets. 
The amount of this variation is about 48* per century, and 
has long been recognized by astronomers, by an increase of 
the latitudes of all the stars in certain situations, and their 
diminution in the opposite regions Its effect is to bring the 
ecliptic by bo much per annum nearer to coincidence with 
the equator; but from what we have above seen, this dimi- 
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nutjon of the obliquity of the ecliptic will not go on beyond 
certain very moderate limits, after which (although in an im 
inense period of ages, being a compound cycle resulting from 
the joint action of all the planets) it will again increase, and 
thus oscillate backward and forward about a mean position, 
the extent of its deviation to one side and the other being 
less than 1° 21 

(641 ) One effect of this variation of the plane of the 
ecliptic — that which causes its nodes on a fixed plane to 
change — is mixed up with the precession of the equinoxes 
and indistinguishable from it, except in theory This last 
mentioned phenomenon is, however, due to another cause, 
analogous, it is true, in a general point of view, to those 
above considered, but singularly modified by the circum 
stances under which it is produced We shall endeavor to 
render these modifications intelligible, as far ns they can be 
made so without the intervention of analytical formula! 

(642 ) The precession of the equinoxes, as we have shown 
in art 312, consists m a continual retrogradation of the node 
of the earth s equator on the ecliptic, and is, therefore, ob 
viously an effect so far analogous to the general phenomenon 
of the retrogradation of the nodes of the orbits on each other 
The immense distance of the planets, however, compared 
with the size of the earth, and the smallness of their masses 
compared to that of the sun, puts their action oat of tho 
question in the inquiry of its cause, and we must, therefore, 
look to the massive though distant sun, and to our near 
though minute neighbor, tho moon, for its explanation 
This will, accordingly, be found m their disturbing action 
on the redundant matter accumulated on the equator of the 
earth, by which its figure is rendered spheroidal, combined 
with tho earth’s rotation on its axis It is to the sagacity of 
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Merton that we owe the di«coverj ol this «mgalar mode of 
action 

(643 ) Suppose in oor figure (art 611) that instead ol one 
ho<ly, P, revolving round S there were a succession of par 
tides not coherent but forming a hind of fluid ring free to 
change it3 form by any force applied Then v, bile this ring 
revolved round S m its own plane under the disturbing in 
fluenco of the distant body M (which now represents the 
moon or the sun as P docs one of the particles of the earth s 
equator) two things would happen 1st its figure would ho 
bent out of a plane into an undulated form those parts of it 
within the arcs D A and E C being rendered more inclined 
to the plane of M s orbit and those within the arcs A E 
C D less bo than the} would otherwise be 2dljr, the nodes 
of this nng regarded as a whole without respect to its 
change of figure wonld retreat upon that plane 

(644 ) But suppose this ring instead of consisting of dis 
Crete molecules free to move independently to be rigid and 
incapable ot each flexure like the / oop we have supposed in 
art 633 but having inertia then it is evident that the effort 
of those parts of it which tend to become more inclined will 
act through the medium of the nng itself (as a mechanical 
engine or lever) to counteract the effort of those which have 
at the same instant a contrary tendency In bo far only, 
then aa there exists an excess on the one or the other side 
will the mclinat on change an average being Btrack at every 
moment of the ring s motion just as was shown to happen 
in the view we have taken of the inclinations, in every com 
plete revolution of a single disturbed body, under the influ 
ence of a fixed disturbing one 

(645) Meanwhile however the nodes of the rigid ring 
vnll retrograde, the general or average tendency of the nodes 
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of every molecule being to do so Here, as in the other 
case, a struggle mil take place by the counteracting efforts 
of the molecules contrardy disposed, propagated through the 
solid substance of the ring, and thus at every instant of 
time, an average will be struck, which being identical m its 
nature with that effected in the complete revolution of a bid 
gle disturbed body, will, in every case, be in favor of a re 
cess of the node, sa\e only when the disturbing body, bo it 
sun or moon, is situated in the plane of the earth’s equator 
(646 ) This reasoning is evidently independent of any 
consideration of the cause which maintains the rotation of 
the ring, whether the particles be small satellites retained in 
circular orbits under the equilibrated action of attractive and 
centrifugal forces, dr whether they be small masses conceived 
as attached to a set of imaginary spokes, as of a wheel, cen 
tring in S, and free only to shift their planes by a motion of 
those spokes perpendicular to the plane of the wheel This 
makes no difference in the general effect, though the differ 
ent velocities of rotation, which may be impressed on such a 
system, may and will have a very great influence both on 
the absolute and relative magnitudes of the two effects in 
question — the motion of the nodes and change of inclination 
This will be easily understood, if we suppose the ring with, 
out a rotatory motion, in which extreme case it is obvious 
that so long as if remained fixed there would take place no 
recess of nodes at all, but only a tendency of the nng to tilt 
its plane round a diameter perpendicular to the position of 
M, bringing it toward the line S M 

(647 ) The motion of such a ring, then, as we ha\ e been 
considering, would imitate, so far as the recess of the nodes 
goes, the precession of the equinoxes, only that its nodes 
would retrograde far more rapidly than the observed preces 
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eion, which is excessively Blow But now conceive this ring 
to he loaded with a Bpbencal mass enormously hea\ ler than 
itself, placed concentrically within it, and cohering firmly to 
it, but indifferent, O" very nearly bo, to any such cause of 
motion, and suppose, moreover, that instead, of one such 
nng there are a vast multitude heaped together around the 
equator of such a globe, so a3 to form an elliptical protuber 
ance, enveloping it like a shell on all sides, but whoso mass, 
taken together, should form but a \ery minute fraction of 
the whole spheroid "We have now before us a tolerable rep 
resentation of the case of nature,' and it is evident that tho 
rings, having to drag round with them in their nodal revolu 
tion this great inert mass, will have their velocity of retro 
gradation proportionally diminished Thus, then, it is easy 
to conceive how a motion similar to the precession of the 
equinoxes and, like it characterized by extreme slowness, 
will arise from the causes in action It may seem at first 
sight paradoxical that the whole effect of the external attrac 
tion should terminate in the production of Buch a movement, 
without producing any change in the inclination of the 
equator to the ecliptic But a due consideration of the rea 
Boning in arts 636 637 will make it evident that for every 
particle m the revolving ring (in e\ery situation of the dis 
turbing body) whose change of motion would tend to create 


* That & perfect sphere ■would bo so Inert and mi 2erenl sitot rwvolul on 
of tho nodes of its equator under tho influence of a distant attract ng body ap- 
pears from th s — that ihe d reel on of tho resultant attract on of auch 8 body 
or of that single foico wh ch opposed would neutral 20 and destroy Its whole 
action s necessarily In a 1 no pas* ng through Ihe centra of the sphere and 
therefore can hare no tendency to turn the sphere one way or otl er It may 
be objected by the reader that the whole sphere may be conce ved as coos st- 
ing of r ngs parallel to ila equator of every possible d ameter and that tl ere 
fore its nodes sho Id retrograde even w thout a protuberant equator The to 
ference U Incorrect but our 1 m ts w 11 not allow us to go into an expos t on of 
the fallacy We should 1 owever ea too lin generally fhftt no dynamical 
subject Is open to mow m stakes of this k nd wh ch nothing but the closest 
attention in every varied point of v ew will detect. 
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a change of inclination in one direction, there exists another, 
exercising an equal tendency of an opposite kind 

(648 ) Kowa recess of the node of the earth’s equator, 
upon a given plane, corresponds to a conical motion of its 
axis round a perpendicular to that plane But in the case 
before us, that plane is not the ecliptic, but the moon’s orbit 
for the time being and it maj be asked how we are to rcc 
onctle this with what is stated in art 317 respecting the na 
ture of the motion m question To this we reply, that the 
nodes of the lunar orbit, being in a state of continual and 
rapid retrogradation, while its inclination is preserved nearly 
m\ ariable, the point in the sphere of the heavens round 
which the pole of the earth’s equator revolves (with that 
oxtreme slowness characteristic of the precession) is itsolf in 
a state of continual circulation round the pole of the ©clip 

i tic with that much more rapid motion 
which belongs to the lunar node A 
glance at the annexed figure will ex 
plain this better than words P is the 
pole of the ecliptic, A the polo of the 
moon s orbit, raov ing round the small 
circle A B C D in lfl years, a the polo 
of the earth's equator which at each mo 
ment of its progress has a direction perpen 
dicular to the varying position of the line A a, and a velocity 
depending on the varjing intensity of the acting causes dor 
mg the period of tho nodes This velocity, howetcr, being 
oxtremel) small, when A comes to B C D, h , the line A a 
will ha VO taken up tho positions B l, C c, I) d, E e, and the 
earth *» polo « will thus in one tropical revolution of the 
node, have arrived at e, having dc^cnln d not an exactly cir- 
cular arc u e, but a single undulation of a waveshape or 
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epicycloidal carve, abode, with a velocity alternately 
greater and less than its mean motion, and this will be re* 
peated m every succeeding revolution o! the node. 

(649.) Now tlm is precisely the kind of motion which, as 
■we have Been in art. 825, the pole of the earth’s equator 
really has round tho pole of the ecliptic, in consequence of 
the joint effects of precession and nutation, which aro thus 
uranographically represented. If we superndd to tho effect 
of lunar precession that of the solar, which alone would 
cause the pole to describe a circle uniformly about P, this 
will only affect the undulations of our waved curve, by ex- 
tending them in length, but will produce no effect on tho 
depth of the waves, or tho excursions of the earth’s axis to 
and from the polo of the ecliptic. Thus we see that the two 
phenomena of nutation and precession are intimately con- 
nected, or rather both of them essential constituent parts of 
one and the same phenomenon. It is hardly necessary to 
Btate that a rigorous analysis of this great problem, by an 
exact estimation of all the acting forces and summation of 
their dynamical effects, leads to the precise value of the 
coefficients of precession and natation, which observation 
assigns to them. The solar and lunar portions of the pre- 
cession of the equinoxes, that is to say, those portions which 
are uniform, are to each other m the proportion of about 
2 to 6. 

(650.) In the nutation of the earth’s axis we have an ex- 
ample (the first of its kind which has occurred to us) of a 
periodical movement in one part of the system, giving rise 
to a motion having the same precise period in another. The 
motion of the moon’s nodes is here, we see, represented, 
though under a very different form, yet in the same exact 
periodic time, by o movement of a peculiar oscillatory kind 
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impressed on the solid mass of the earth. We must not let 
the opportunity pass of generalizing the principle involved 
in this result, ns it is one which we shall find again and again 
exemplified in every part of physical astronomy, nay, in 
every department of natural science. It may be stated as 
“the principle of forced oscillations, or of forced vibra- 
tions,” and thus generally announced:— 

If one part of any system connected either by material ties, 
or by the mutual attractions of its members, be continually 
maintained by any cause, whether inherent tn the constitution 
of the system or external to it, m a state of regular periodic 
motion, that motion will be propagated throughout the whole 
system and will give rise, in every member of it, and in every 
part of each membei , to periodic movements executed in equal 
period, with that to which they owe their origin, though not nec- 
essarily synchronous with them in their maxima and minima 

The system may be favorably or unfavorably constituted 
for such a trausfer of periodic movements, or favorably in 
some of its parts and unfavorably in others, and accordingly 
as it is the one or the other, tbe derivative oscillation (as it 
may be termed) will be imperceptible in one case, of appre- 
ciable magnitude in another, and even more perceptible in 
its visible effects than the original cause in a third; of this 
last hind we have an instance in the moon’s acceleration, to 
be hereafter noticed 

(651.) It so happens that our situation on the earth, and 
the delicacy which our observations have attained, enable ns 
to make it as it were an instrument to feel these forced vibra- 
tions — these derivative motions, communicated from various 

* See a demonstration of this theorem for the forced vibrations of system, 
catraccfeS bf maturin' ties oi imperfect efeeticrtf, tn atf tin&tfo? tor 
Encyc Metrop art. 323 The demonstration is easily extended and general 
ized to take in other systems. 
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quarters, especially from our near neighbor, tho moon, much 
in the same way as we detect, by tho trembling of a board 
beneath us, the Becret transfer of motion by which the 
Bound of an organ pipe is dispersed through tho air, nnd car 
ned down into the earth Accordingly, the monthly revo 
lution of the moon, and the annual motion of the sun, pro 
dace, each of them, small nutation* m the earth’s axis, 
whose periods are respectively half a month nnd half a year, 
each of which, jn this view of tho subject, is to be regarded 
as one portion of a period consisting of two equal nnd simi 
lnr parts But the most remarkable instance, hy far, of this 
propagation of periods and one of high importance to man 
kind, is that of the tides, which ore forced oscillations ex 
cited by the rotation of the earth in an ocean disturbed from 
its figure by the varying attractions of the sun and moon, 
each revolving in its own orbit and propagating It3 own 
period into the joint phenomenon The explanation of the 
tides, however belongs more properly to that part of the 
general Bubject of perturbations which treats of the action 
of the radial component of the disturbing force, and 13 there 
fore postponed to a subsequent chapter 
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CHAPTER XIII 

} 

THEORY OF TRF AXES, PERIHELIA, AND EXCENTRIOITtES 
‘Incipient magnt procedero menses ” — YiEO PoDio 

Variation of Flemoats iu General — Distinction Between Periodic and Sec 
ufar Variations — Geometrical Expression of Tangential and Normal 
loccca — Variation of the Major Axis Produced only by the Tangential 
Force— Lagrange's Theorem of the Conservation of the if can Dfs 
tanccs and Periods — Theory of tbo Perihelia and Fscentricities — 
Geometrical Representation of their Momentary Variations— Estima 
lion of the Disturbing Forces In Nearly Circular Orbits— Application 
to tho Case of tho Moon — Theory of the Lunar Apsides and Excen 
tricity — Experimental Illustration — Application of the Foregoing Pnn 
ciples to tho Planetary Theory— Compensation in Orbits very Nearly 
Circular— Effects of Elhpticity— General Results— Lagrange’s Theorem 
of the Stability of the Excentricites 

(652 ) In the foregoing chapter we have sufficiently 
explained the action of the orthogonal component of the 
disturbing force, and traced it to its results in a continual 
' displacement of the plane of the disturbed orbit, in virtue 
of which tbe nodes of that plane alternately advance and 
recede upon the plane of the disturbing body's orbit, with 
a general preponderance on the side of advance, so as after 
the lapse of a long period to cause the nodes to make a com- 
plete revolution and come around to their former situation. 
At the same time the inclination of the plane of the dis 
turbed motion continually changes, alternately increasing 
and diminishing, the increase and diminution however com- 
pensating each other, nearly in single revolutions of the 
disturbed xmd distsxrhMg hndjfsv -tonre esictijr jn jnsj?jr f 
and with perfect accuracy in long periods, such as those 
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of a complete revolution of the nodes and apsides In the 
present and following chapters we shall endeavor to trace 
the effects of the other components of tho disturbing force — 
those which act in the plane (for tho time being) of tho dis- 
turbed orbit, and which tend to derange the elliptic form of 
tho orbit, and the laws of elliptic motion m that plane 
The small inclination, generally speaking, of the orlnta 
of the planets and satellites to each other, permits us to 
separate these effects in theory one from the other, and 
thereby greatly to simplify their consideration Accord 
ingly, m what follows, we shall throughout neglect the 
mutual inclination of the orbits of the disturbed and dis 
turbing bodies, and regard all the forces as acting and all 
the motions as performed m one plane 

(653 ) In considering the changes induced by the mutual 
action of two bodies in different aspects with respect to each 
other on the magnitudes and forms of their orbits and m 
their positions therein, it will be proper in the first instance 
to explain the conventions under which geometers and 
astronomers have alike agreed to use the language and laws 
of the elliptic system, and to continue to apply them to 
disturbed orbits, although those orbits so disturbed are no 
longer, in mathematical strictness, ellipses or any known 
curves This they do, partly od account of the convenience 
of conception and calculation which attaches to this system, 
but much more for this reason — that it is foand and may 
be demonstrated from the dynamical relations of tho caso, 
that the departure of each planet from its ellipse as deter 
mined at any epoch, is capable of being truly represented, 
by supposing the ellipse itself to be slowly variable to 
change its magnitude and excentncity and to shift its 
position and the plane in which it lies according to certain 
ABTRQJ.OMT — Yol XX— 0 
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laws, while the planet all the time continues to move m 
this ellipse, just as it would do if the ellipse remained 
invariable and the disturbing forces had no existence By 
this way of considering the subject, the whole effect of the 
disturbing forces is regarded as thrown upon the orbit, 
while the relations of the planet to that orbit remain un 
changed Tins course of procedure, indeed, is the most 
natural, and is in some sort forced upon us by the extreme 
slowness with which the variations of the elements, at least 
where the planets only are, concerned, develop themselves 
For instance, the fraction expressing the excentncity of the 
earth’s orbit changes no more than 0 00004 m its amount in 
a century , and the place of its perihelion, as referred to the 
sphere of the heavens, by only 19 39' in the same time 
For several years, therefore, it would be next to impossible 
to distinguish between an ellipse so varied and one that had 
not varied at all, and in a single revolution, the difftrenco 
between the original ellipse and the curve really represented 
by the varying one, is so excessively minute, that, if ac 
curntely drawn on a table, six feet in diameter, the nicest 
examination with microscopes, continued along the whole 
outlines of the two curves, would hardly detect an j per 
ceptible interval between them Not to call a motion ro 
minutely conforming itself to on elliptic curie, clhpUc, 
would be affectation, even granting the existence of trivial 
departures alternately on one side or on the other, though, 
on the other hand, to neglect a aarjaiion, which continues 
to accumulate from age to ago, till it forces itself on our 
notice, would bo wtlfal blindness 

(654) Geometers then, ha\e agreed in each single re\o 
lution, or for any moderate interval of time, to regard the 
motion of each planet as elliptic, and performed according 



OUTLINES OF ASTROSOMY 


557 


to Kepler’s Iswb, with a reserve in favor of those very small 
and transient fluctuations which take place within that time, 
but at the same time to regard all the elements of each ellipse 
as m a continent, though extremely slow, state of change, 
and, in tracing the effects of pertnrbation on the system, 
they take account principally, or entirely, of this change of 
the elements, as that npon which any matorial change in the 
great features of the system will ultimately depend 

(655 ) And here we encounter the distinction between 
what are termed secular variations and sach as are rapidly 
periodic, and are compensated m short intervals In our 
exposition of the variation of the inclination of a disturbed 
orbit (art 636) for instance, wc showed that, in each single 
revolution of the disturbed body, the plane of its motion 
underwent fluctuations to and fro in its inclination to that 
of the disturbing body which nearly compensated each 
other, leaving, however a portion outstanding which again 
is nearly compensated by the revolution of the disturbing 
body, yet Btill leaving outstanding and uncompensated a 
minute portion of the change which requires a whole revo 
lution of the node to compensate and bring it back to an 
average or mean value Now the first two compensations 
which are operated by the planets going through the sue 
cession of configurations with each other and therefore m 
comparatively short periods, are called periodic variations, 
and the deviations thus compensated are called inequalities 
depending on configurations, while the last winch is oper 
ated by a period of the node (one of the elements) has noth 
ing to do with the configurations of the individual planets 
requires a very long period of time for its consummation, 
and is therefore, distinguished from the former by the term 
secular variation 
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(658 ) It is truo, that, to afford an oxact representation 
of the motions of a disturbed body, whether planet or 
satellite, both periodical and nccular variations, with their 
corresponding inequalities, require to bo expressed; and, 
indeed, the former cten more than the latter, seeing that 
the secular inequalities are, In fact, nothing but what re 
mains after tho mutual destruction of a much larger amount 
(<i3 it \crj often is) of periodical But the«o are m their 
nature transient and temporary they dmppear in short 
p-riods, and leave no trace Tho planet is temporarily 
driwn from its orbit (its slowly varying orbit), but forth- 
with returns to it, to deviato presently as much the other 
way, while the varied orbit accommodates and adjusts itself 
to the a\crago of these excursions on either side of it, and 
thus continues to present, for a succession of indefinite ages, 
a hind of medium ptetnro of all that the planet has been 
doing in their lapse, in which the expression and character 
is preserved, but the individual features are merged and 
lost These periodic inequalities, however, are, as we have 
observed, by no means neglected, but it is more convenient 
to take account of them by a separate process, independent 
of the secular i armtions of the elements 

(65T ) In order to avoid complication, while endeavoring 
to give the reader an insight into both kinds of variations, 
we shall for the present conceive all the orbits to be in one 
plane, and confine our attention to the case of two only, that 
of the disturbed and disturbing body, a view of the subject 
which (as we have seen) comprehends the case of the moon 
disturbed by the Bun, since any one of the bodies may be 
regarded as fixed at pleasure, provided we conceive all its 
motions transferred 1 rn a contrary eftreotron to each of the 
others Let therefore A P B be the undisturbed elliptic 
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orbit of a planet P , M a disturbing body, join M P, and 
supposing M K = M S take 31 N : II K :: SI K* : SI P\ 
Then if S N be joined, N S will represent the disturbing 
force of SI on P, on the same scale that S SI represents SI’b 
attraction on S Suppose ZPYa tangent at P, S Y per- 
pendicular to it, and NT,H L perpendicular respectively 
to S Y and P S produced. Then will N T represent the 
tangential, T S the normal, N L the transversal, and L S 
the radial components of the disturbing force. In circular 
orbits or orbits only slightly elliptic, the directions P S L 



and S Y are nearly coincident, and the former pair of forces 
will differ but slightly from the latter We shall here, how 
ever, take the general cose, and proceed to investigate in an 
elliptic orbit of any degree of excentncity the momentary 
changes produced by the action of the disturbing force m 
those elements on which the magnitude, situation, and form 
of the orbit depend (t e the length and position of the major 
axis and the excentncity), in the same way as in the last 
chapter we determined the momentary changes of the in- 
clination and node similarly produced 'by fhe orthogonal 
force 

(658) We shall begin with the momentary variation in 
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the length of the axis, on element of the first importance, 
as on it depend (art 487) the penodio time and mean angu- 
lar motion of the planet, as well os the average supply of 
light and heat it receives in a given time from the son, any 
permanent or constantly progressive change in which would 
alter most materially the conditions of existence of living 
beings on its surface Now it is a property of elliptic 
motion performed under the influence of gravity, and in 
conformity with Kepler’s laws, that if the velocity with 
which a planet moves at any point of its orbit bo given, 
and also the distance of that point from the san, the major 
axis of the orbit is thereby also given It is no matter m 
what direction the planet may be moving at that moment 
This will influence the excentricity and the position of its 
ellipse, but not its leogth This property of elliptic motion 
has been demonstrated by Newton, and is one of the most 
obvious and elementary conclusions from his theory Let 
us now consider a planet describing an indefinitely small 
arc of its orbit about the sun, under the joint influence of 
its attraction, and the disturbing power of another planet 
This arc will have some certain curvature and direction, 
and, therefore, may be considered as an arc of a certain 
ellipse described about the sun as a focus, for this plain 
reason — that whatever be the curvature and direction of 
the arc in question, an ellipse may always be assigned, 
whose focus shall bo in the sun, and which shall coincide 
with it throughout the whole interval (supposed mdefi 
mtely small) between its extreme points This is a matter 
of pure geometry It doe3 not follow, however, that the 
ellipse thus instantaneously determined will have the same 
elements as that similarly determined from the arc described 
m either the previous or the subsequent instant If the dis 
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tnrbwg force dul not exist, this would bo tho case, bat, by 
its action a variation cf'tbo element from instant to instant 
is produced, and the ellipse so determined is in a continaal 
gtato of change Now when the planet has reached the end 
of the small arc under consideration, the question whether 
it will in the next instant describe an arc of an ellipse ha\ 
ing the same or a varied axis will depend, not on tho new 
direction impressed upon it by tho acting forces — for the 
axis, as we have Been, is independent of that direction — 
not on its change of distance from the sun while describing 
the former arc — for the elements of that arc are accammo 
dated to it, so that one and the same axis must belong to 
its beginning and its end The question, in short, whether 
in the next arc it shall take up a new major axis ot go 
on with tho old one will depend solely on this — whether 
its teloctly has or has not undergone a change by tbo ac 
tion of the disturbing force For the central force restding 
in the foens can impress on it no such change of velocity 
as to be incompatible with the permanence of its ellipse, 
seeing that it is by the action of that force that the velocity 
is maintained in that doe proportion to the distance which 
elliptic motion as such, requires 

(659 ) Thus we see that the momentary variation of the 
major axis depends on nothing but the momentary deviation 
from the law of elliptic velocity produced by the disturbing 
force, without the least regard to the direction m which that 
extraneous velocity is impressed or the distance from the 
sun at which the planet may be situated, at the moment of 
its impression Nay, we may even go further, for, as this 
holds good at every instant of its motion, it will follow 
that after the lapse of any time however great the total 
amount of change which the axis may have undergone will 
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bo determinod only by the total donation produced by the 
action of the disturbing force in the velocity of the dis 
turbed body from that which it would hove had in its un 
disturbed elhpso, at the same distance from the centre, and 
that therefore tho total amount of change produced in the 
axis in anj lapso of lime maj be estimated, if we know at 
every instant the efficacy of the disturbing force to alter 
the velocity of the body s motion an 1 that will out any 
regard to the alterations which the action of that force 
may have produced m the other elements of tl e motion 
m the same time 

(660 ) Now it is not the whole disturbing force which is 
effective in changing P s volocity but only its tangential 
component The normal component tends merely to alter 
the curvature of the orbit or to deflect it into conformity 
with a circle of curvature of greater or lesser radius as the 
case may be and in no way to alter the velocity Bence 
it appears that tl e variation of the length of tJ e axis is due 
entirely to U e tangential force and is quite independent on the 
normal Now it is easily shown that as the velocity in 
creases the axis increases (the distance remaining unal 
tered) though not in the same exact proportion Hence 
it follows that if the tangential disturbing force conspires 
■with the motion of P its momentary action increases the 
axis of the disturbed orbit whatever be the situation 
of P in its orbit and vice versd 

(661 ) Let A S B (Jig art 6o7) be the major axis of the 
ellipse APB and on the opposite side of A B take two 


If a ba tie gem axiB r the rad ns vector and v the ve oc ty of P in any 
po nt of an ell ps« a la given by the relation t J the emits of veioc Cy and 

So cs being properly assumed. 
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points P and M', similarly situated with respect to the axis 
with P and M on their side Then if at P and 1! bodies 
equal to P and M be placed, the forces exerted b) H on 
P and S will be equal to those exerted bj M on P and 
S, and therefore the tangential disturbing force of M' 
on P exerted in the direction P Z (suppose) will equal 
that exerted by M on P in tho direction P Z P therefore 
(auppostug it to re\ot\C ui the same direction round S as P) 
will be retarded (or accelerated as the case may be) b) pre 
cisely the same force by which P is accelerated (or retarded) 
so that the variation in the axis of the respective orbits of 
P and P will bo equal m amount but contrary in charac 
ter Suppose now M s orbit to be circular Then ( 1 / the 
penodte times of M and P he not commensurate so 0 at a 
moderate num&er of revolution* may hru j them bach to the 
same precise relative positions) it will necessarily happen, 
that in the course of a very great number of revolutions 
of both bodies P will have been presented to M on one 
side of the axis at some one moment in the 6ame manner 
as at some other moment on the other \\ hatever varia 
tion may have been effected in its axis m the one situation 
will have been reversed in that symmetrically opposite and 
the ultimate result on a general average of an infinite num 
ber of revolutions will be a complete and exact compen 
sation of the variations in one direction by those in the 
direction opposite 

(662 ) Suppose next P s orbit to be circular If now 
M 8 orbit were so also it is evident that in one complete 
synodic revelation an exact restoration of the axis to it3 
ongona) le&gib w£<idd Sj) Ac pJsc-e because the tasgeoitai 
forces would be symmetrically equal and opposite during 
each alternate quarter revolution But let M during a 
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synodic revolution, have receded somewhat from S, then 
will its disturbing power have become gradually weaker, 
so that, in a synodic revolution the tangeutinl force in 
each quadrant, though reversed in direction being info 
nor in power, nn exact compensation will not have been 
effected, but thero will bo left an outstanding uncompon 
Bated portion, the orcess of the stronger over the feebler 
effects But now suppose II to approach by tho same gra 
dations as it before receded It is clear that this result 
will bo reversed, since tho uncompensated stronger actions 
will all lio in the opposite direction Now suppose M's 
orbit to bo elliptic Then dunng its recess from S or m 
tho half revolution from its perihelion to its aphelion, a 
continual uncompensated variation will go on accumulating 
in ono direction But from what has been said, it is clear 
that this will be destroyed, dunng M s approach to S m 
the other half of its orbit, so that here again, on the aver 
ago of a multitude of revolutions during which P has been 
presented tcrM m every situation for every distance o/M from 
S the restoration will be effected 

(063 ) If neither P s nor if s orbit be circular, and if 
moreover the directions of their axes be different this rea- 
soning tirawn from the symmetry of their relations to each 
other, does not apply, and it becomes necessary to take a 
more general view of the matter Among the fundamental 
relations of dynamics relations which presuppose no par 
ticular Jaw of force like that of gravitation, but which 
express in general terms the results of the action of force 
on matter during time to produce or change velocity is one 
usually cited as the Principle of the conservation of the 
vee vtva which applres directly to the case before us 
This principle (or rather this theorem) declares that if a 
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body subjected at every instant of its motiou to the action 
of forces directed to fixed centres (no matter how nuincr 
oua), and having their intensity dependent onl} on the dis 
tances from their respective centres of action, travel from 
one point of space to another, the velocity which it has on 
its arrival at the latter point will differ from that which 
it had on setting oat from the former, by a quantity do 
pending only on the different relative situations of these 
two points in space, without the least reference to the form 
of the curve in which it may have moved in passing from 
one point to the other, whether that curve have been de 
scribed freely under the simple influence of the central 
forces, or the body have been compelled to glide upon 
it, as a bead upon a smooth wire Among the forces thus 
acting may be included any constant forces, acting in paral 
lei directions, which may be regarded as directed to fixed 
centres infinitely distant It follows from this theorem, 
that, if the body return to the point P from which it 6et 
out, its velocity of arrival will he the same with that of 
its departure, a conclusion which (for the purpose we have 
in view) sets us free from the necessity of entenng into 
any consideration of the laws of the disturbing force, the 
change which its action may have induced in the form of 
the orbit of P, or the successive steps by which velocity 
generated at one point of its intermediate path is destroyed 
at another, by the reversed action of the tangential force 
Now to apply this theorem to the case in question, let M 
be supposed to retain a fixed position during one whole 
revolution of P P then is acted on, during that revolu 
tton, by three forces 1st, by the central attraction of S 
directed always to S, ^d, 'oy t'nat to Id, a'lways directed 
to M, 8d, by a force equal to M a attraction on S, but in 
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the direction AT S, which therefore is a constant force, act- 
ing always m parallel directions On completing its tevo 
lution, then, P ’s velooity, and therefore the major nxi3 of 
its orbit, will be found unaltered, at least neglecting that 
excessively minute difference which will result from the 
non arrival after a revolution at the exact point of its de- 
parture by reason of the perturbations in the orbit produced 
in the interim by the disturbing force, which for the present 
we may neglect 

(664) Now suppose M to revolt e, and it will appear, 
by a reasoning precisely similar to that of art 662, that 
whatever uncompensated variation of the velocity arises m 
successive revolutious of P during M’s recess from S will 
be destroyed by contrary uncompensated variations arising 
during its approach Or, more simply and generally thus 
whatever M s situation may be, for every place which P 
^can have there must exist some other place of P (as P 1 ), in 
which the action of AT shall be precisely reversed Now 
if the periods be incommensurable, in an indefinite number 
of revolutions of both bodies for every possible combina 
tion of situations (M, P) there will occur, or some time or 
other , the combination (M, P) which neutralizes the effect 
of the other, when earned to the general account, so that 
ultimately, and when very Jong periods of time are era 
braced, a complete compensation will be found to be 
worked out 

(665 ) This supposes, however, that in such long periods 
the orbit of M is not so altered as to render the occurrence 
of the compensating situation (AT, P) impossible This 
would bo the case if M s orbit were to dilate or contract in 
duftnvttAy by a vumtiew m its axis But vhe reason 
ing which applies to P, applies also to M P retaining a 
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fixed situation, it s velocity, and therefore the axis of its 
orbit, would be exactly restored at the end of a reiolution 
of It , so that for every position P M there exists a compen 
sating position P M' Thus M a orbit is maintained of the 
same magnitude, and the possibility of the occurrence of the 
compensating situation (if, P') is secured 

(C66 ) To demonstrate as a rigorous mathematical truth 
the complete and absolute ultimate compensation of the 
variations m question, it would be requisite to show that 
the minute outstanding changes due to the non arm ala of P 
and M at the same exact points at the end of each revolution, 
cannot accumulate in the course of infinite ages in one direc 
tion. Now it will appear in the subsequent part of this 
chapter, that the effect of perturbation on the excentricities 
and apsides of the orbits is to cause the former to undergo 
only periodical variations, and the latter to revolve and take 
up in succession every possible situation Hence m the 
course of infinite ages, the points of arrival of P and if at 
fixed lines of direction, SP,SM in successive revolutions, 
though at one time they will approach S, at another will re 
cede from it, fluctuating to and fro about mean points from 
which they never greatly depart And if the arrival of 
either of them as P, at a point nearer S, at the end of a com 
plete revolution, cause an excess of velocity its arrival at a 
more distant point will cause a deficiency, and thus, as the 
fluctuations of distance to and fro ultimately balance each 
other, so will also the excesses and defects of velocity, 
though in periods of enormous length, being no less than 
that of a complete revolution of P s apsides for the one 
cause of inequality, and of a complete restoration of its ex 
centricity for the other 

(667 ) The dynamical proposition on. which this reasoning 
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Id based U gcnenl, anti applies rqua!lv well to cues wherein 
the forvc» net in one plane, or na dtrectcj to centnuauy* 
where situated in spate lit nee, if we like into considers 

tmn the inclination of I' a orbit to that of M, the anno ru 
aonwg will npplt Only that in tbi< ca«e, upon a complete 
re\ oluiion of I’ the aviation of inclination and tho motion 
of the nodes of I* * orhitTriU prevent us returning to a point 
in the exact plane of it* original orhit, n* tint of tho cxccn 
trinty and pmhclion preient its arrnal at the «a me exact 
distance from & But since it ha* been shown that tho inch 
nation fluctuates round a mean stato from which it neterde 
part* much, and since the nolle revohes and makes n com 
plete circuit it is obvious that in a complcto period of the 
latter tho points of nrriral of Pot the same loagitudo mil 
denote as often and by tho same quantities nbo\e as below 
its original point of departure from evict coincidence, and, 
therefore tint on the merago of nn infinite number of revo 
lotions, the effect of this causo of non compensation will also 
bo destroyed 

(CWJ ) It is cudcnt also, that the dynamical proposition 
in question being general, and apply ing equally’ to any ntm 
fw of fixed centres, as well as to any distribution of them in 
spaeo, tbc conclusion would be precisely tho sarao whototer 
bo tho number of disturbing bodies, only that the periods of 
compensation would bccomomoro intricately i mol red Wo 

ore, therefore, conducted to this most remarkable and impor 
tint conclusion, viz that tho major axes of tho planetary 
(and lunar) orbits, and, consequently, also their mean mo 
tions and periodic times, are subject to none hut periodical 
changes, that the length of the year, for example, in the 
lapse of infinite ages, has no preponderating tendency either 
to increase or diminution — that the planets will neither re 
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cede indefinitely from the son, nor fall into it, but continue, 
bo far as their mutual perturbations at least are concerned, 
to revolve forever m orbits of very nearly the same dimen- 
sions as at present. 

(66D ) This theorem (the Magna Charta of our system), 
the discovery of which is doe to Lagrange, is justly regarded 
as the most important, as a single result, of any which have 
hitherto rewarded the researches of mathematicians in this 
application of their science, and it is especially worthy of 
remark, and follows evidently from the view here taken of 
it, that it would not be true bnt for the influence of the per 
turbmg forces on other elements of the orbit viz the pen 
helion and cxcentrcity, and the inclination and nodes, since 
we have seen that the revolution of the apsides and nodes, 
and the periodical increase and diminution of the exccutnci 
ties and inclinations, are both essential toward operating 
that final and complete compensation which gives it a char 
acter of mathematical exactness We have here an instance 
of a perturbation of one kind operating on n perturbation of 
another to annihilate an effect which would otherwise ao 
cumulate to the destruction of the system It must, how 
ever, be borne in mind, that it is the smallness of the excen 
tncities of the more influential planets, which gives this 
theorem its practical importance, and distinguishes it from a 
mere barren speculative result. Within the limits of ulti 
mate restoration, it is this alone which keeps the periodical 
fluctuations of the axis to and fro about a mean value within 
moderate and reasonable limits Although the earth might 
not fall into the sun, or recede from it beyond the present 
limits of our system, any considerable increase or diminu 
tion of its mean distance to the extent for instance of a 
tenth of its actual amount, would not fail to subvert the 
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conditions on which the existenco of tho present race of am 
mated beings depends Constituted os our system is, how« 
ever, changes to anything like this extent arc utterly pro 
eluded The greatest departure from the mean value of tho 
axis of an) planetary orbit yet recognized by theory or ob 
servation (that of the orbit of Saturn disturbed by Jupiter), 
docs not amount to a thousandth part of its length ' Tho 
effects of these fluctuations, howcv or, arc a cry sensible, and 
manifest themselves in alternate accelerations and retarda 
tions in tho angular motions of tho disturbed about the cen 
tral body, which cause it alternately to outrun and to lag 
behind its elliptic place m its orbit, giving rise to what are 
called equations in its motion, some of the chief instances of 
which will bo hereafter specified when we come to trace 
more particularly m detail the effects of the tangential force 
in various configurations of the disturbed and disturbing 
bodies, and to explain tho consequences of a near approach 
to commensurabihty in their penodic times An exact com 
mensurability in this respect such, for instance, as would 
bring both planets round to the same configuration in two or 
three revolutions of one of them, would appear at first sight 
to destroy one of the essential elements of our demonstra 
tion But even supposing such an exact adjustment to sub 
aist at any epoch, it could not remain permanent since by 
a remarkable property of perturbations of this class, which 
geometers have demonstrated, but the reasons of which we 
cannot stop to explain any change produced on the axis of 
the disturbed planet s orbit is necessarily accompanied by a 
change tn the contrary direction m that of the disturbing so 


* Greater deviat one w 11 probably bo found to ex st n tbo orb ts of tho 
small extra t op cal planets But these aro too ms gniheant members of our 
eygtem to need special not ce in a work of th a natura 
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that the periods would recede from commcnsnrability by tho 
mere effect of their mutual action Cases aro not wanting 
in the planetary system of a certain approach to commensur* 
ability, and in one very remarkable case (that of Uranus and 
Neptune) of a considerably near one, not near enough, how* 
ever, in the smallest degree to affect the validity of tho argu- 
ment, but only to give nse to inequalities of very long 
periods, of which more presently.* 

(670 ) The variation of the length of the axis of the dis- 
turbed orbit is due solely to the action of the tangential dis- 
turbing force It is otherwise with that of its excentncity 
and of the position of its axis, or, which is the same thing, 
the longitude of its perihelion Both the normal and tan- 
gential components of the disturbing force affect these ele 



merits We shall, however, consider separately the influ- 
ence of each, and, commencing, as the simplest case, with 
that of the tangential force, — let P be the place of the dis 
turbed planet in its elliptic orbit APB whose axis at the 
moment is A S B and focus S Suppose Y P Z to be a tan 
gent to this orbit at P Then, jf we suppose AB = 2a the 
other focus of the ellipse, H, will be found by making the 

* 41 revolul ona of Hepti ne aro nearly equal lo 81 of Uranoa giving nao 
to an Inequal ty hav ng 6805 years for It* per od. 
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angle ZPH^YPS or YPD= 180°— T PZ.orSPH 
— ISO 0 — 2 VPS, and taking PH = 2a-SP This is evt 
dent from the nature of the ellipse, in which lines drawn 
from any point to the two foci make equal angles with the 
tangent, and have their sum equal to the major axis Sup 
pose, now, the tangential force to act on P and to increase 
its velocity It will therefore increase the axis, so that the 
new value assumed by a (viz a*) will be greater than a 
But the tangential force does not alter the angle of tan 
gency, so that to find the new position (H ) of the upper 
focus, we must measure off along the same line P H, a dis 
tance PH(s2a — S P) greater than PH Do this then, 
and join S H and produce it Then will A B be the new 
position of the axis, and jSH the new excentricity Hence 
wc conclude, 1st, that the new position of the perihelion A 
will deviate from the old one A toward the same side of the 
axis A B on which P is when the tangential force acts to 
increase the velocity whether P he moving from perihelion 
to aphelion or the contrary 2dly, That on the same sup 
position as to the action of the tangential force the excen 
tricity increases when P is between the perihelion and the 
perpendicular to the axis FEG drawn through the upper 
focus, and diminishes when between the aphelion and the 
same perpendicular 3dly, That for a given change of 
velocity * e for a given value of the tangential force, the 
momentary variation in the place of the perihelion is a maxi 
mum when P is at F or G from which situation of P to the 
perihelion or aphelion it decreases to nothing the perihel 
ion being stationary when P is at A or B 4 tidy, That the 
variation of the excentricity due to this cause is complemen 
its increase sml dec. raaw? ts> that tht p&rt 

hehon, being a maximum for a given tangential force when 
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P 18 at A or B, and vanishing when at G or P And lastly, 
that where the tangential force acts to diminish the velocity, 
all these results are reversed If the orbit bo very nearly 
circular* the points F, G, will be bo situated that although 
not at opposite extremities of a diameter, the times of de 
"cribing A F» F B, EG, and G A will be all equal and 
each of course one quarter of tho whole periodic timo of P 
(671 ) Let us now consider the effects of the normal com 
ponent of the disturbing force upon the same elements 
The direct effect of this force is to increase or diminish the 
curvature of the orbit at the point P of its action, without 



producing any change on the velocity so that the length of 
the axis remains unaltered by its action Now an increase 
of curvature at P is synonymous with a decrease in the 
angle of tangency SPY when P is approaching toward S, 
and with an increase in that angle when receding from 
S Suppose the former case and while P approaches S 
(or is moving from aphelion to perihelion) let the normal 
force act xnward or toward the concavity of the ellipse 
Then will the tangent P Y by the action of that force have 
taken up the position P Y To find the corresponding 
position H taken op by the focus of the orbit so disturbed 


4 So nearly that the cube of the excentnc ty may be neglected 
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wo must mnko the angle S P Il' = 180^—2 S P Y', or, 
which comes to the same, draw P II* on tho side of P II 
opposite to S, making tho angle II P II' = twice tho angle 
of deflection YPY' and in P II* taho P H' = P H Join- 
ing, then, S II and producing it, A' S II' If* will bo tho 
new position of tho nxia, A’ tho new perihelion, and J S H 
the new cxcentricity Henco we conclude, 1st, that tho 
normal force acting tntcard, and P moving toward the pen 
helion, tho new direction S A of tho perihelion is in ad- 
vance (with rcfcrenco to tho direction of P’s revolution) of 
tho old— or the apsides advance — when P is anywhere aita 
ated between F and A (since when at F the point H falls 
upon II M between U and il) When P is at F the apsides 
aro stationary, but when P is anywhere between M and F 
the apsides retrograde, II in this case lying on tho opposite 
side of tho axis 2dly, That the same directions of the 
normal force and of P’s motion being supposed, the ex 
centncity increases while P moves through the whole semi 
ellipse from aphelion to perihelion— the rate of its increase 
being a maximum when P is at F, and nothing at the nphe 
lion and perihelion 8dly, That these effects ore reversed 
in the opposite half of the orbit, A G if, in which P passes 
from perihelion to aphelion or recedes from S 4thly, That 
they are also reversed by a reversal of the direction of the 
normal force, outward, in place of inward 5thly, That here 
also the variations of the excentncity and perihelion are 
complementary to each other the one sanation being most 
rapid when the other vanishes and vice versa 6thly, And 
lastly, that the changes in the situation of the focus H 
produced by the actions of the tangential and normal com 
poneats of the disturbing force are at right angles to each 
other id every situation of P, and therefore where the 
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tangential force is most efficacious (in proportion to its 
intensity) in. varying either the one or the other of the 
elements in questton, the normal is least so, and viceterad 
(672 ) To determine the momentary effect of the whole 
disturbing force then, we have only to resolve it into its 
tangential and normal components, and estimating by theso 
principles separately the effects of either constituent on both 
elements, add or subtract the results according as they con 
spire or oppose each other Or we may at once make the 
angle H P JI* equal to twice the angle of deflection pro 
duced by the normal force, and lay offPH' = PH+ twice 
the variation of a produced m the same moment of time by 
the tangential force, and fi' will be the new focus The 
momentary velocity generated by the tangential force is 
calculable from a knowledge of that force by the ordinary 
principles of dynamics, and from this, the variation of the 
axis is easily derived * The momentary velocity generated 
by the normal force in its own direction is in like manner 
calculable from a knowledge of that force, and dividing this 
by the linear velocity of P at that instant, we deduce the 
angular velocity of the tangent about P or the momentary 
variation of the angle of tangency SPY, corresponding 
(673 ) The following risumi of these several results m a 
tabular form includes every variety of case according as 
P is approaching to or receding from S as it is situated 


* 1 2 . ,13 1 1 

“ — f ‘r ^ ■ v* - — — o'* — »{v -f- o') (v — v ) or when in 

fln tesimal vanat on* only are coo* dsred— -j- «— 2v (v* — v) or a — a— »JaV(t> — t>) 

from which it appears that the variat on of the ail* an* off from a g ven 
var at on of velocity * ndopendent of r or is the same at whatever d stance 
from S tl e cl a go tiTtce place and that or tens paribus it 18 greater for a g ven 
cl n-e f velocity for for » g ten tangential force) in the direct ratio of the vetoc 
tty, st/ 
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in tho arc F A G of ita orbit about the perihelion or in tbo 
remoter arc G- if F about (he aphelion , as tbe tangential force 
accelerates or retards the disturbed body, or as the normal 
acts inward or outward with reference to tho concavity of 
the orbit. 

EFPFCTS OF THE TANGENTIAL DISTURBING FORCE 


Direction or P's mo- 
tion. 

Situation of Pin or- 

Wt. 

Action of Tangen- 
tial Force. 

gggs 

m 

Anywhere 

Ditto 

Ditto 

Ditto 

About Aphelion 
Ditto 

About Perihelion 
Ditto 

Accelerating P 
Retarding P 
Accelerating P 
Retarding P 
Accelerating P 
Retarding P 
Accelerating P 
Retarding P 

H 


EFFECTS OF THE NORMAL DISTURBING FORCE 


Direction of P's mo- 
tion. 

Situation of p In or* 

Action of Normal 
Force 

Effect on Element*. 

Indifferent 

Ditto 

Ditto 

Ditto 

Approaching 8 
Ditto 

Receding from 8. 
Ditto 

About Aphelion 
Ditto 

About Perihelion 
Ditto 

Anywhere 

Ditto 

Ditto 

Ditto 

Inward 

Outward 

Inward 

Outa&rd 

Inward 

Outward 

Inward 

Outward 

Apsides recede 
advance 
advance 

Eicon tr increases 
decreases 
decreases 
increases 


(674 ) From the momentary changes m the elements of 
tbe disturbed orbit corresponding to successive situations 
of P and Jf, to conclude the total amount of change pro 
duced m any given time is the business of the integral cal 
cuius, and lies far beyond the scope of the present work 
Without its aid, however, and by general considerations 
of the periodical recurrence of configurations of the same 
character, we have been able to demonstrate many of the 
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most interesting conclusions to which geometers have been 
conducted examples of which have already been given in 
the reasoning by which the permanence of the axes, the 
periodic ty of the inclinations, and the revolutions of the 
nodes of the planetary orbits have been demonstrated "We 
shall now proceed to apply similar considerations to the mo 
tion of the apsides, and the variations of the excentricities 
To this end we must first trace the changes induced on the 
disturbing forces themselves, with the varying positions of 
the bodies, and here as in treating of the inclinations we 
Bball suppose, unless the contrary is expressly indicated, 
both orbits to be very nearly circular, without which limi 
tation the complication of the subject would become too 
embarrassing for the readef to follow, ami defeat the end 
of explanation 

(675 ) On this supposition the directions of S P and S Y, 
the perpendicular on the tangent at P may he regarded as 
coincident, and the normal and radial disturbing forces 



become neatly identical in quantity, also the tangential and 
transversal by the near coincidence of the points T and L 
{fig art 6o7) So far then as the intensity of the forces is 
concerned it will make \ ery little difference in which way 
the forces are resolved, nor will it at all materially affect 
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oar conclusions ns to the effects of the normal and tangential 
forces, if in estimating their quantitative values, we take 
advantage of the simplification introduced into their numer* 
ical expression by the neglect of ttfe 'angle PS 7, i.e. by 
the substitution for them of the radial and transversal com* 
ponents. The character of these effects depends (arts. 670, 
671) on the direction an which the forces act, which we shall 
suppose normal and tangential ns before, and it is^only on 
the estimation of their quantitative "Cffects that tlife - ei^or 
induced by the neglect of this angle can fall. In the lunar 
orbit this angle Dever exceeds 3° 10’, and its influence on 
the quantitative estimation of the acting forces may there- 
fore be safely neglected in a fi nrtj&pproxi m a 1 1 o n . Now M N 
being found by the propottioijj^ P* : M S’ : : M S : M N, 
N P (=M N— M P) is also knowc^ and therefore N L=N P. 
sin N P S==N P . bid (A S P^-S M P) and L S=P L- 
P S-N P cos N P S-P S=rN P . cos (A S P-f S M P) 
— S P become known, which express respectively the tan- 
gential and normal forces on the same scale that S M rep- 
resents M’s attraction on S.* Suppose P to revolve m the 
direction E A D B. Then, by drawing the figure in vari- 
ous situations of P throughout the whole circle, the reader 
will easily satisfy himself — 1st. That the tangential force 
accelerates P, as it moves from E toward A, and from D 

R* 

* MS— E, BP— r, IIP-/, ASP— 6, AMP— M, UP— 

R*_ /* / R , 

— y; — — (B-V) (1 -t-ybys/' whence we have WI— (R— /). eia (<9-f- U) 

(l-fy + jj), IS— (R— /) cos (O -f.lt) (l + y+~)— r When B and 
/> owing to the great distance of M, are nearly equal, we have R — /— 

P V - , — —1 nearly, and tho angle M may be neglected, so that we have KP 
— 3PV, 



0UTU\E3 OF ASTRO\Om 570 

toward B, hat retards it as it passes from A to D, and from 
B to E. 2dlj That the tangential force vanishes at the four 
points A, D, E, B, and attains a maximum at gome inter 
mediate points 8dly That the normal force is directed 
outward at tho Byzjgics A, B, and inward at the points 
I), E, at which points respectively its outward and inward 
intensities attain their maxima Lastly, that this force 
vanishes at points intermediate between A D, D B, B E, 
and E A, which points, when M is considerably remote, 
arc situated nearer to the quadrature than the syzjgies 
(67C ) In the lunar theory, to which we shall now pro 
ceed to apply these principles, both the geometrical repre- 
sentation and the algebraic expression of the disturbing 
forces admit of great simplification Owing to the great 
distance of the sun M, at whose centre tho radius of the 



moon's orbit never subtendB an angle of more than about 
8, N P may be regarded as parallel to A B And DSE 
becomes a straight Ime coincident with the line of quadra 
tures, so that V P becomes the cosine of ASP, to radma 
S P, and E E=N P sin ASP, L P=N P cos ASP 
Moreover, in this case ^bco the note on the last article) 
H P=4£ P & P cos, ASP and couae^iMjaUy U L 
=3 S P cos ASP. an A S P=J SP sin 2 A S P, and 
Astbovostt — V ol XX— 6 
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L S=S P <3 co.? A S — 1)=J SP(1+S . cosUSP) 
which \ amshca when co3 A S P’=J, or at 61’ 14' from the 
pjzjgy Supposo through every point of P's orbit there 
bo drawn S Q=^3 S P cos A S P*, then will Q trace out 
a certain looped oval, as in the figure, cutting the orbit in 
four points 64° 14 from A anil B respectively, and P Q will 
always represent in quantity and direction the normal force 
acting at P 

(077 ) It is important to remark here, because upon this 
tbo whole lunar theory and CBpcc al*y that of the motion 
of the apsides bingos, that all tbo acting disturbing forces, 
at equal angles of elongation A S P of the moon from the 
sun, are ccetcns panbus proportional to SP, the moon’s 
distance from the earth, and are therefore greater when 



the moon is near its apogee than when near it9 perigee, 
the extreme proportion being that of about 28 25 This 
premised let us first consider the effect of the normal 
force m displacing the lunar apsides This we shall best 
be enabled to do by examining separately those cases m 
which the effects are most strongly contrasted, viz when 
the major axis of the moon’s orbit is directed toward the 
sun and when at right angles to that direction First, 
then, let the line of apsides be directed to the sun as in 
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the annexed figure, where A is the pengec, and take the 
arcs A <i, A i, B c, B d eachs=64° 14 Then while P is 
between a and b the normal force acting outward, and the 
moon being near its perigee, by art 671, the aphides will 
recede, but when between e and d the force there acting 
outward, but the moon being near its apogee, they will 
adtance The rapidity of these movements will be respect 
ively at its maxima at A and B Dot only because the dis 
turbing forces are then most intense, but also because (see 
art 671) they act most advantageously at those points to 
displace the axis Proceeding from A and B toward the 
neutral points abed the rapidity of their recess and ad 
vance diminishes and is nothing (or the apsides are sta 
tionary) when P is at either of these points From b to 
D, or rather to a point some little beyond D (art 671) acts 
mwaid, and the moon is still neaT pengee, so that m this 
arc of the oThit the apsides advance But the rate of ad 
vauce is feeble, because id the early part of that arc the 
normal force is small, and as P approaches D and the force 
gains power, it acts disadvantageous^ to move the axis, 
its effect vanishing altogether when it arrives beyond I) at 
the extremity of the perpendicular to the upper focus of 
the lumr ellipse Thence up to c this feeble advance is 
reversed and converted into a recess, the force still acting 
inward, but the moon now being near its apogee And so 
also for the arcs d E, E a In the figure these changes are 

indicated by ++ for rapid advance, for rapid recess, 

+ and — for feeble advance and recess, and 0 for the sta 
tionary points Now if the forces were equal on the sides 
of + and — it is evident that there would be an exact conn 
t/Mba.Wma, cA vAtweac, lad wsese. the. oA <1. <kWa 

revolution But this is not the case The force in apogee 
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ii greater than that in perigee to the proportion of 28 25, 
while in the quadratures about D ami H the) are equal 
Therefore, whilo the feeble movements 4 - anti — in the 
neighborhood of these points destroy each other almost 
exactly, there will necessarily remain a considerable bal 
nnco in fat or of advance, in this situation of the hno 
of apsides 

(678 ) Next, suppose the apogee to he at A, and the 
pcngco at B In this ease it is evident that, so far as 
the direction of the motions of the apsides is concerned, all 
the conclusions of the foregoing reasoning will bo reversed 
by the substitution of the word perigee for apogee, and tier 
tend, and all the signs in the figure referred to will bo 
changed But now the most powerful forces act on tho 
sido of A, that is to say, still on the side of advance, 
this condition also being reversed In either situation of 
tho orbit, then, the apsides advance 

(679 ) (Case 8 ) Suppose, now, the major axis to have 
the situation D E and the perigee to be on the side of D 
Here, in tho arc b c of P s motion tho normal force acts 
inward, and the moon is near perigee, consequently the 
apsides advance, but with a moderate rapidity, the maxi 
mum of the inward normal force being only half that of 
the outward In the arcs A b and c B the moon is still 
near perigee, and the force acts outward, but though 
powerfully toward A and B, yet at a constantly increas 
mg disadvantage (art 671) Therefore m these ares the 
apsides recede, but moderately In a A and B d (bemg 
toward apogee) they again advance, still with a moderate 
velocity Lastly, throughout the arc d a, being about apogee 
with an inward force, they recede Hers as before, if the 
perigee and apogee forces were equal, the advance and re- 
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eess would counterbalance > bat as in fact the apogee forces 
preponderate, there will be a balance on the entire revolu 
tion in favor of recess The same reasoning of coarse holds 
good if the perigee be toward E But now, between these 
cases and those in the foregoing articles, there is this dif 
ference, viz that in this the dominant effect results from 
the inward action of the normal force m quadratures, while 
in the others it results from its outward, and doubly power 
lul action in Byzygies The recess of the apsides m their 
quadratures arising from the action of the normal force 
will therefore be less than their advance in their Byzygies, 
and not only on this account, but also because of the much 
less extent of the arcs b c and d a on which the balance is 
mainly Btruch in this case, than of a b and c d, the -corre- 
sponding most inflaential arcs in the other 

(680) In intermediate situations of the line of apsides, 
the effect will be intermediate, and there will of course be 
a situation of them in which on an average of a whole 
revolution they nre stationary This situation it is easy 
to see will be nearer to the line of quadratures than of 
syzygies, and the preponderance of advance will be mam 
tamed over a much more considerable arc than that of 
recess, among the possible situations which they can hold 
On every account, therefore, the action of the normal force 
causes the lunar apsides to progress %n a complete revolu 
lion o/ It or m ft synodical year, during which the motion 
of the sun round the earth (as we consider the earth at 
rest) brings the line of Byzygies into all situations with 
respect to that of apsides 

(681 ) Let us next consider the action of the tangential 
few*. And. sa, betcre smppnauug the. 

the moon at A, and the direction of her revolution to be » 
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ADBE, the tangential force retards her motion through 
the quadrant AD, m which she recedes from S, therefore 
by art 670, the apsides recede Through D B tho force 
accelerates while the moon still recedes, therefore they ad' 
vance Through B E the force retards, and the moon ap- 
proaches, therefore they continue to advance, and finally 
throughout the quadrant E A the force accelerates and the 
moon approaches, therefore they recede In virtue there 
fore of this force, the apsides recede, during the descrip- 
tion of the arc E AS, and advance during DBE, but 
the force being in this case as in that of the normal force 
more powerful at apogee, the latter will preponderate, and 
the apsides will adranceon an average of a whole revolution 

(682 ) (Case 2 ) The perigee being toward B, we have 
to substitute in the foregoing reasoning approach to S, for 
receBs from it, and vice versd, the accelerations and retarda 
tions remaining as before Therefore the results, as far as 
direction is concerned, will be reversed in each quadrant, 
the apsides advance during E AD and recede during 
DBE But the situation of the apogee being also re 
versed, the predominance remains on the side of EAD, 
that is, of advance 

(683 ) (Case 3 ) Apsides in quadratures, perigee near 
D — Over qnadrant A D, approach and retardation, there 
fore advance of apsides Over D B recess and acceleration, 
therefore again advance over B E recess and retardation 
with recess of apsides, and lastly over E A approach and 
acceleration, producing their continued recess Total re- 
Bult advance during the half revolution ADD, and recess 
during BE A, tho acting forces being more powerful in tho 
latter, whence of course a preponderant recess The same 
result when the perigee is at E 
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(634 ) So far the analogy of reasoning between the action 
of the tangential and normal forces is perfect But from 
this point they diverge It is not here as before The 
recess of the apsides in quadratures does not now arise 
from the predominance of feeble over feebler forces, while 
that in syzygtes results from that of powerful over powerful 
ones The maximum accelerating action of the tangential 
force is equal to its maximum retarding, while the inward 
action of the normal at its maximum is only half the maxi 
mum of its outward Neither is there that difference m the 
extent of the arcs over which the balance is struck in this, 
as in the other case, the action of the tangential force be 
mg inward and outward alternately over equal arcs, each 
a complete quadrant Whereas, therefore, in tracing the 
action of the normal force, wc found reason to conclude 
it much more effective to produce progress of the apsides 
in their syzygy, than m their quadrature situations, we 
can draw no such conclusion in that of the tangential 
forces there being, as regards that force, a complete sym 
metry in the four quadrants, while in regard of the normal 
force the symmetry is only a half symmetry having relation 
to two semicircles 

(685 ) Taking the average of many revolutions of the sun 
about the earth, jn which it shall present itself in every pos 
Bible variety of situations to the line of apsides, we see that 
the effect of the normal force is to produce a rapid advance 
in the syzygy of the apsides, and a less rapid recess in thetr 
quadrature, and on the whole, therefore, a moderately rapid 
general advance, while that of the tangential is to produce 
an equally rapid advance m syzygy, and reces3 m quadra 
ture Directly, therefore, the tangential force would appear 
to have no ultimate influence in causing cither increase or 
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diminution in the mean motion of the apsides resulting from 
the action of the normal force It does so, however, indi- 
rectly, conspiring m that respect with, and greatly mcreas 
mg, an indirect action of the normal force in a manner which 
we shall now proceed to explain 

(686 ) The sun moving uniformly, or nearly so, in the 
same direction as P, the line of apsides when in or near the 
syzygy, m advancing follows the sun, and therefore remains 
materially longer in the neighborhood of syzygy than if it 
rested On the other hand, when the apsides are in quad 
rature they recede, and moving therefore contraiy to the 
sun’s motion, remain a shorter time in that neighborhood, 
than if the} rested Thus the advance, already preponder- 
ant, is made to preponderate more hy its longer continuance, 
and the recess, already deficient, is rendered still more so hy 
the shortening of its duration f Whatever cause, then, in- 
creases directly the rapidity of both advance and recess, 
Ciough tl may do loth ejually, aids in this md rect process, 
and it is thus that the tangential force becomes effective 
through the medium of the progress already produced, in 
doing and aiding tbo normal force to do that which alone it 
would be unable to effect Tims we have perturbation ex- 
aggerating perturbation and thus wo sec what is meant by 
geometers, when the} declare that a considerable part of the 
motion of the lunar apsides is due to the squaro of the dis- 
turhing force or in other words, nnscs out of a second ap- 
proximation in which the influence of the first in altering 
the data of the problem is taken into account 

(087 ) The curious and corn] heated effect of perturba 
tion, described in tho last article, has given more trouble to 
geometers than aaj other part ot the Jormr thet>n Jfetrkw 


* Newton Prise, t C8 Oor 4 
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himself had succeeded in tracing that part of the motion of 
the apogee which 13 due to the direct action of the radial 
force, bat finding the amount only half what observation 
assigns, he appears to have abandoned the subject tn despair 
Nor, when resumed by his successors, did the inquiry, for a 
very long period, assume a more promising aspect On the 
contrary, Newton’s result appeared to be even minutely 
verified, and the elaborate investigations which were lav- 
ished upon the subject without success began to excite 
strong doubts whether this feature of the lunar motions 
could be explained at all by the Newtonian law of gravita 
tion The doubt was removed, howeter, almost in the m 
staut o! its origin, by the same geometer, Clairaut, who first 
gave it currency, and who gloriously repaired the error of 
bis momentary hesitation, by demonstrating the exact coin 
eidence between theory and observation, when the effect of 
the tangential force is properly taken into the account The 
lunar apogee circulates in 3232* 675343, or about 91 years 
(683 ) Let us now proceed to investigate the influence of 
the disturbing forces so resolved on the excentncity of the 
lunar orbit, and the foregoing articles having sufficiently 
familiarized the reader with our mode of following out the 


changes m different situations of the 
orbit, we shall take at once a more 
general situation, and suppose the line 
of apsides in any position with respect 
to the sun, such as Z Y, the pengee 
being at Z, a point between the lower 
syzygy and the quadrature next follow 



ing it, the direction of P s motion as all along supposed 
A- H TJ. E. Then. /{avam/yiAwi^ wih. th/t vomuiJL 
force) the momentary change of excentncity will vanish 
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at a, 4, e, d, by the vanishing of that force, and at Z 
and Y by the effect of situation in the orbit annulling 
its action (art 671) In the arcs Z b and Y d therefore 
the change of excentricity will be small, the acting force 
nowhere attaining either a great magnitude or an ad 
vantageous situation within their limits And the force 
within these two arcs having the Bame character as to in- 
ward and outward, but being oppositely influential by rea- 
son of the approach of P to S in one of them and its recess 
in the other, it is evident that, so far as these arcs are con- 
cerned, a very near compensation of effects will take place, 
and though the apogeal arc Y d will be somewhat more 
influential, this will tell for little upon the average of a 
revolution 

(689 ) The arcs hi > e and d E a are each much less than 
a quadrant in extent, and the force acting inward through- 
out them (which at its maximum in D and IjJ is only half the 
outward force at A, B) degrades very rapidly in intensity 
toward either syzygy (6ee art 676) Hence whether Z be 
between be or 4 A, the effects of the force in these arcs will 
not produce very extensive changes on the excentricity, and 
the changes which it does produce will (for the reason al- 
ready given) be opposed to each other Although, then, 
the arc a d he further from perigee than b c, and therefore 
the force in it is greater, yet the predominance of effect hero 
will not be very marked, and will moreover be partially 
neutralized by the Bmall predominance of an opposite char 
acter in Yd over Zb On the other hand, the arcs a Z, c Y 
arc both larger in extent than cither of the others, and the 
seats of action of forces doubly powerful Their influence, 
therefore, will be of most importance, and their preponder 
anee one over the other (being opposite in their tendencies) 
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will decide the question whether on an average of the rovo 
lotion, the cxcentncity shall increase or diminish It is 
clear that the decision must be in fat or of c Y, the apogeal 
arc, and, since in this the force is oulvard and the moon 
receding from the earth, an increase ol the excentncity a ill 
arise from its influence A similar reasoning will, cvi 
dently, lead to the same conclusion were the apogee and 
perigee to change places, for the directions of P s motion as 
to approach and recess to S will be indeed re\ ersed, but at 
the same time the dominant forces will have changed sides, 
and the arc a A Z wilt now gi% e the character to the result 
But when Z lies between A and E as the reader may easily 
satisfy himBelf, the case will he altogether different, and the 
reverse conclusion will obtain Hence the changes of ex 
centncity emergent on the average of single revolutions from 
the action of the normal force will be as represented by the 
signs + and — in the figure above annexed 

(690) Let us next consider the effect of the tangential 
force This retards P in the quadtants AD.BE and ac 
celerates it in the alternate ones In the whole quadrant 
A D, therefore, the effect is. of ono character, the perigee 
being less than 90° from every point 
in it, and in the whole quadrant B E 
it is of the opposite, the apogee being 
so situated (art 670) Moreover, in , 
the middle of each quadrant the tan 
gential force is at its maximum 
Now, in the other quadrants, E A 
and D B, the change from pengeal to apogeal vicinity takes 
place, and the tangential force, however powerful, has its 
effect annulled by situation (art 670) and this happens 
more or less nearly about the points where the force is a 
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maximum. These quadrants, then, are far less influential 
on the total result, so that the character of that result will 
be decided by the predominance of one or other of the 
former quadrants, and will lean to that which has the 
apogee m it Now in the quadrant B E the force retards 
the moon and the moon la in apogee Therefore the excen 
tricity increases In this situation therefore of the apogee, 
such is the avenge result of a complete resolution of the 
moon Here again also if the pengee and apogee change 
places, so will also the character of all the partial influences, 
arc for arc But the quadrant A D will now preponderate 
instead of D E so that under this double reveisal of condi 
tions the result mil be identical Lastly, if the line of ap- 
sides be in A E, B D it may be shown in like manner that 
the excentricity will diminish on the average of a revolution 
(691 ) Thua it appears, that in varying the excentricity, 
precisely as in moving the line of apsides, the direct effect 
of the tangential force conspires with that of the normal, 
and tends to increase the extent of the deviations to and fro 
on either side of a mean value which the varying situation 
of the sun with respect to the line of apsides gives nse to, 
having for their period of restoration a Bynodical revolution 
of the sun and apse Supposing the sun and apsis to start 
together, the sun of course will outrun the apsis (whose 
period is nine years) and in the lapse of about (, -p i) part 
of a year will have gained on it 90° during all which inter 
val the apse will have been m the quadrant A E of our 
figure and the excentricity continually decreasing The 
decrease will then cease but the excentricity itself will bo 
n minimum the sun being now at right angles to the line of 
apsides Thence it will increase to a maximum when the 
sun has gamed another 90°, and again attuned the line of 
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apsides, and so on alternately The actual effect on tbe 
numerical value of the lunar excentricity is very consider 
able, the greatest and least excentncitics being in tbe ratio 
of 3 to 2 * 

(692 ) The motion of the apsides of the lunar orbit may 
be illustrated by a very pretty mechanical experiment, 
■which is otherwise instructive m giving an idea of the 
inode in which orbitual motion is earned on under the action 
of central forces variable according to the situation of the 
revolving body Let a leaden weight be suspended by a 
brass or iron wire to a hook in the under side of a firm 
beam, so as to allow of its free motion on all sides of the 
vertical, and so that when in a state of rest it shall just clear 
the floor of the room or a table placed ten or twelve feet 
beneath the hook The point of support should be well 
secured from wagging to and fro by the oscillation of the 
weight which should be sufficient to keep the wire as tightly 
stretched as it will bear, with the certainty of not breaking 
Now, let a very small motion be communicated to the 
weight, not by merely withdrawing it from the vertical and 
letting it fall, but by giving it a slight impulse sidewise 
It will be **een to describe a regular ellipse about the point 
of rest as its centre If the weight be heavy and carry 
attached to it a pencil whose point lies exactly m tbe direc 
tion of the string the ellipse may be transferred to paper 
lightly stretched and gently pressed against it In these 
circumstances the situation of the major and minor axes 
of the ellipse will remain foe a long time very nearly the 
same though the resistance of tbe air and the stiffness of 
the wire will gradually diminish it3 dimensions and excen 
tricity But if the impulse communicated to the weight be 
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considerable, so as to carry it ont to a great angle (16° or 
20® from the vertical), this permanence of situation of the 
ellipse will no longer subsist Its axis will be seen to shift 
its position at every revolution of the weight, advancing in 
the same direction with the weight’s motion, by a uniform 
and regular progression, which at length will entirely re- 
verse its situation, bringing the direction of the longest 
excursions to coincide with that in which the shortest were 
previously made, and so on, round the whole circle, and, 
m a word, imitating to the eye, very completely, the motion 
of the apsides of the moon's orbit 

(693 ) Now, if we inquire into the cause of this pro- 
gression of the apsides, it will not be difficult of detection. 
When a weight is suspended by a wire, and drawn aside 
from the » ertieal, it is urged to the lowest point (or rather 
in a direction at every instant perpendicular to the wire) by 
a force which vanes as the Bine of the deviation of the wire 
from the perpendicular Now, the sines of very small ares 
are nearly in the proportion of the arcs themselves, and the 
more nearly, as the arcs are Smaller If, therefore, the de 
viations from the vertical be so small that we may neglect 
the curvature of the spherical surface in which the weight 
moves, and regard the curve described as coincident with 
its projection on a horizontal plane, it will be then moving 
tinder the same circumstances as if it were a revolving body 
attracted to a centre by a force varying directly as the 
distance, and, m this case, the curve described would be 
an ellipse, having its centre of attraction not in the focus, 
but in the centre,* and the apsides of this ellipse would rc 
main fived But if the excursions of the weight from tho 
vertical be considerable, the force urging it toward the 


* Newton, Pnncip. I 47 
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centre will deviate m its law from the simple ratio of 
the distances, being as the sms, while the distances me as 
the arc Now the sine, though it continues to increase 
as the arc increases, yet does not increase so fast So soon 
as the arc has any sensible extent, the sine begins to fall 
somewhat short of the magnitude which an exact numen 
cal proportionality would require, and therefore the force 
urging the weight toward its centre or point of rest at great 
distances falls, m like proportion, Bomewhat short of that 
which would keep the body in its precise elliptic orbit It 
will no longer, therefore, have, at those greater distances, 
the same command over the weight in proportion to its 
speed, which would enable it to deflect it from its rec 
tihnear tangential course into an ellipse The true path 
which it describes will be less curved in the remoter parts 
than is consistent with the elliptic figure, as in the annexed 
cut, and, therefore, it will not so soon have its motion 
brought to be again at right angles to 
the radius It will require a longer 
continued action of the central force to 
do this, and before it is accomplished, 
more than a quadrant of its revolution 
must be passed over in angular motion ** 

round the centre But this is only stating at length, and m 
a more circuitous manner that fact which is more briefly 
and summarily expressed by saying that Hie apsides of tta 
orl ti are progressive Nothing beyond a familiar illustration 
is of course intended in what is above said The case is not 
an exact parallel with that of the lunar orbit, the disturbing 
force being simply radial, whereas in tin. lanar orbit a trans 
verbal force is al»o concerned and even were it otherwise, 
only a confused and indistinct view of apstdal motion can 
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be obtained from this kind of consideration of the curvature 
of the disturbed path If we would obtain a clear one, the 
two foci of the instantaneous ellipse must be found from 
the laws of elliptic motion performed under the influence of 
a force directly as the distance, and the radial disturbing 
force being decomposed into its tangential and normal com 
ponents, the momentary influence of either m altering their 
positions and consequently the directions and lengths of the 
axis of the ellipse must be ascertained The student will 
find it neither a difficult nor an uninstructive exercise to 
work out the case from these principles, which we cannot 
afford the space to do 

(694 ) The theory of the motion of the planetary apsides 
and the variation of their excentncities is in one point of 
view much more simple, but m another much more complt 
cated than that of the lunar It is simpler, because owing 
to the exceeding minuteness of the changes operated in 
the course of a single revolution, the angular position of 
the bodies with respect to the line of apsides is very little 
altered by the motion of the apsides themselves The line 
of apsides neither follows up the motion of the disturbing 
body in its state of advance, nor vice i cr«a, in any degree 
capable of prolonging materially their advancing or shorten 
ing materially their receding phase Ilonce no second ap 
proximation of the hind explained in art CSO by which the 
motion of the lunar apsides is so powerfully modified as to 
be actually doubled m amount, is at all required in the 
planetary theory On the other hand, the latter theory 
is rondered moro complicated than the former, at least in 
the cases of planets whose periodic times are to each other 
in a ratio rnuoh less than IS to 1, b) the consideration that 
the disturbing body shifts its position with aspect to the 
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Una of apsides by a much greater angular quantity m a 
revolution of the disturbed body than m the case of the 
moon In that case we were at liberty to suppose (for 
the sake of explanation) without any very egregious error, 
that the san held nearly a fixed position during a single 
lunation But in the case of planets whose times of revo 
lntion are in a much lower ratio this cannot be permitted 
In the case of Jupiter disturbed by Saturn for example, in 
one sidereal revolution of Jupiter, Saturn has advanced 
in its orbit witb respect to the line of apsides of Jupiter by 
more than 140°, a change of direction which entirely alters 
the conditions under which the disturbing forces act And 
in the case of an extenor disturbed by an interior planet, 
the situation of the latter with respect to the line of the 
apsiles vanes even more rapidly than the situation of 
the exterior or disturbed planet with respect to the central 
body To such cases then the reasoning which we have 
applied to the lunar perturbations becomes totally mapplt 
cable and when we take into consideration also the excen 
tricity of the orbit of the disturbing body which in the 
most important cases is exceedingly influential the subject 
becomes far too complicated for verbal explanation and can 
only he successfully followed out with the help of algebraic 
expression and the application of the integral calculus To 
Mercury Venus and the earth indeed as disturbed by 
Jupiter and planets superior to Japiter this objection 
to the reasoning in question does not apply and m each 
of these cases therefore we are entitled to conclude that 
the apsides are kept in a state of progression by the action 
of all the larger planets of onr system Under certain 
con 6 Hums oi instance excentricity anh relative situation 
of the axes of the orbit3 of the disturbed and disturbing 
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planets, it ia perfectly possible that the reverse may bap* 
pen, an instance of which is afforded by Venus' whose 
apsides recede under the combined action of the earth and 
Mercury more rapidly than they advance under the joint 
actions of all the other planets. Kay, it is even possible 
under certain conditions that the line of apsides of the dis- 
turbed planet, instead of revolving always in one direction, 
may librate to and fro within assignable limits, and in a 
definite and regularly recurring period of time. 

(695.) Under any conditions, however, as to these par- 
ticulars, the view we have above taken of the subject, 
enables us to assign at every instant, and in every con- 
figuration of the two planets, the momentary effect of each 
upon the perihelion and excentricity of the other. In the 
simplest case, that m which tho two orbits are so nearly 
circular, that the relative situation of their perihelia shall 
prodace no appreciable difference in the intensities of tho 
disturbing forces, it is very easy to show that whatever 
temporary oscillations to and fro in tho positions of tho 
line of apsides, and whatever temporary increase and 
diminution m tho excentricity of cither planet may tako 
plncc, tho final effect on tho average of n great multitude 
of revolutions, presenting them to each other in all possible 
configurations, must bo »n7, for both elements. 

(COfi ) To show this, all that is necessary ts to oast our 
eyes on the synoptic table in art 675 If M, the disturbing 
body, bo supjwsed to be succc*si\ety placed in two dia- 
metrically opposite situations in it* orbit, the aphelion of 
P will stand related to M in one of these situations precisely 
as it* perihelion in the other. Sow the orbit* being so 
newly circles a* supposed, the distribution of the disturb* 
in g forces, whether normal or tangential, u symmetrical 
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relative to their common diameter passing through M, or 
to the line of ayzygtes Hence it follows that the half of P’s 
orbit “about perihelion” (art. 678) will stand related to all 
the aotmg forces m the one situation of M, precisely as the 
half “about aphelion" does in the other, and also, that 
the half of the orbit in which P “approaches S,” stands 
related to them in the one situation precisely as the half m 
which it “recedes from S” in the other Whether ns re- 
gards, therefore, the normal or tangential force, the condi- 
tions of advance or recess of apsides, and of increase or 
diminution of ezcentncities, are reversed m the two sup 
posed cases Hence it appears that whatever situation be 
assigned to M, and whatever influence it may exert on P in 
that situation, that influence will be annihilated in situations 
of M and P, diametrically opposite to those supposed, and 
thus, on a general average, the effect on both apsides and 
excentncities is reduced to nothing 

(697 ) If the orbits, however be excentnc, the symmetry 
above insisted on m the distribution of the forces does not 
exist But, in the first place, it is evident that if the excen 
trinities be moderate (as m the planetary orbits), by far the 
larger part of the effects of the disturbing forces destroys 
itself m the manner described in the last article, and that it 
is only a residual portion, viz that which arises from the 
greater proximity of the orbits at one place than at another, 
which can tend to produce permanent or secular effects 
The precise estimation of these effects is too complicated an 
affair for us to enter upon , but we may at least give some idea 
of the process by which they are produced, and the order in 
which they arise In so doing, it is necessary to distinguish 
h.eA.w.«yyi. thft f'Jlc.'tfA of. thn, n/wxna). and. tnEugyUja). hyyyt*. 
The effects of the former are greatest at the point of con 
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junction of the planeta, because the normal force itself is 
there always at its maximum, and although, where the coa 
junction takes place at 90° from the line of apsides, its effect 
to move the apsides is nullified by situation, and when in 
that line its effect ou the excentncities is similarly nullified, 
yet, in the situations rectangular to these, it acts to its great 
est advantage On the other hand, the tangential foree van 
ishes at conjunction, whatever be the place of conjunction 
with respect to the lino of apsides, and where it is at its 
maximum its effect is still liable to be annulled by situa 
tion Thus it appears that the normal force is most mfluen 
tial and mainly determines the character of the general 
effect It is therefore at conjunction that the most mfiu 
enttal effect is produced, and therefore, on the long average, 
those conjunctions which happen about the place where the 
orbits are nearest will determine the general character of 
the effect Now the nearest points of approach of two 
ellipses which have a common focus may he very variously 
situated with respect to the perihelion of either It may be 
at the perihelion or the aphelion of the disturbed orbit or 
in any intermediate position Suppose it to be at the pen 
helion Then if the disturbed orbit be interior to the dis 
turbmg the force acts outward and therefore the apsides 
recede if exterior the force acts inward and thej advance 
In neither case does the excentricity change If the con 
junction take place at the aphelion of the disturbed orbit, 
the effects will be reversed if intermediate the apsides will 
be less and the excentricity more affected 

(698 ) Supposing only two planets this process would go 
on till the apsides and excentncities had bo far change 1 as 
to alter the point of nearest approach of the orbits so ns 
either to accelerate or retard and perhaps i\a er*e the motion 
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of the apsides, and give to the variation of the excentncity 
a corresponding periodical character But there are many 
planets all disturbing one another And this gives rise to 
variations in the points of nearest approach of all the orbits 
taken two and two together, of a very complex nature 

(609 ) It cannot fail to have been remarked, by any one 
who has followed attentively the above reasonings, that a 
close analogy subsists between two Bets of relations, viz 
that between the inclinations and nodes on the one hand, 
and between the excentncity and apsides on the other In 
fact, the strict geometrical theories of the two cases present 
a close analogy, and lead to final results of the very same 
natare What the variation of excentncity is to the motion 
of the perihelion, the change of inclination is to the motion 
of the node In either case, the period of the one is also the 
penod of the other, and while the perihelia describe consid 
erable angles by an oscillatory motion to and fro or circu 
late in immense periods of time round the entire circle, the 
excentncities increase and decrease by comparatively small 
changes and are at length restored to their original magm 
tudes In the Innar orbit as the rapid rotation of the nodes 
prevents the change of inclination from accumulating to any 
material amount, so the still more rapid revolution of its 
apogee effects a Bpeedy compensation in the fluctuations of 
its excentncity, and never suffers them to go to any mate 
nal extent, while the same causes, by presenting in quick 
succession the lunar orbit in every possible situation to all 
the disturbing forces, whether of the sun the planets, or the 
protuberant matter at the earth s equator prevent any seen 
lar accumulation of small changes by which in the lapse of 
'ugvb -fas T^VqAotrfty wngfiA. ■nnftwyJ/rj vnowaseL t/i -krarm 
ished Accordingly, observation shows the mean excentnc 
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ity of the moon’s orbit to be the same now as in the earliest 
ages of astronomy. 

(700 ) The movements of the perihelia, and variations of 
excentricity of the planetary orbits, are interlaced and com 
plicated together in the same manner and nearly by the 
same laws as the variations of their nodes and inclinations 
Each acts upon every other, and every such mutual action 
generates Us own peculiar period of circulation or compen- 
sation, and every such period, m pursuance of the principle 
of art 650, is thence propagated throughout tho system 
Thus arise cycles upon cycles, of whose compound duration 
some notion may be formed, when we consider what is tho 
length of one such period in the caso of the two principal 
planets — J apitcr and Saturn Neglecting the action of the 
rest, tho effect of their mutual attraction would be to pro- 
duce a Bccular variation in the excentricity of Saturn’s orbit, 
from 0 03409, its maximum, to 0 01845, its minimum value, 
while that of Jupiter would vary between the narrow limits, 

0 00036 and 0 02000 the greatest excentricity of Jupiter 
corresponding to tho least of Saturn, and t ice vertd The 
period in which theso changes are gone through would bo 
70111 yt- are After this example, it will bo easily conceited 
that many millions of years will require to tlnpsc before a 
complete fulfilment of the joint cycle which shall restore tho 
whole system to its original stato as far as tho cxrcntncitics 
of its orbits aro concerned 

(701 ) The place of tho perihelion of a planet s orbit is 
of little consequence to its well being, but its cxrentricityr lit 
most important, as upon this (the axes of tho orbits being 
jermanmty dcjH-nds the mean temperature of its surface, 
and tin* « xtrenn* sanations to which its sessions inay 1* lia- 
ble 1 or it may be ca«i!y shown tliat the mean nnnuof 
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amount of light and heat received by a planet from the sun 
13 , catena pariiuj, as the minor axis of the ellipse described 
by it Any variation, therefore, in the excentncity, by 
changing the minor axis will alter the mean temperature of 
the surface Dow such a change will also influence the ex 
tremes of temperature appears from art 868 et seq Now it 
may naturally be inquired whether (in the vast cycle above 
spoken of, in which, at some penod or other, conspiring 
changes may accumulate on the orbit of one planet from 
several quarters) it may not happen that the excentncity 
of any one planet— as the earth — may become exorbitantly 
great, so as to subvert those relations which render it habi 
table to man, or to give nse to great changes at least in the 
physical comfort of hia state To this the researches of 
geometers have enabled ns to answer in the negative A 
relation has been demonstrated by Lagrange between the 
masses, axes of the orbits, and excentncities of each planet, 
similar to what we have already stated with respect to their 
inclinations, viz (hat if (he mass of each planet be multiplied 
by the square root of the axis of t is orbit and the product by the 
square of it* excentncity the sum of all such products throughout 
the system ts invariable, and as m point of fact this sum is ex 
tremely small, so it will always remain Now, since the axes 
of the orbits are liable to no secular changes this is equiva 
lent to saying that no one orbit shall increase its excentncity, 
unless at the expense of a common fund the whole amonnt 
of which is, and must forever remain, extremely minute • 


* There la nothin? la th s relation, however taken per ia to secure (be 
Smaller planets — Mercury Mars Juno Ceres etc —from a calsslrophe co Id 
they accumulate on themselves or any one of them the wb e amount ol IhJa 
«ccenfrfeify fund But that can never be Jup ter and Saturn will always re- 
la n t] e 1 o get are of it. A stm lar remark appl ea to the inclination fund of 
art. 633 T1 eee funds be it observed ca» never get Into debt. Every term 
of them Is essentially pos live. 
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(701 a ) (1865 ) The actual numerical computation of the 
limiting eccentricities of the planets, taking into account all 
their mutual reactions, was attempted by Lagrange in 1782; 
but owing to an erroneous assumption of the mass of Venus, 
his results were rendered uncertain if Leverrier, in a re- 
markable memoir published in 1843, has resumed the sub- 
ject with the advantage of perfectly reliable data, and ha3 
obtained the following, as the superior limits of eccentrici- 
ties of the seven principal then known planets — viz for that 
of Mercury, 0 225646 Venus, 0 086716, the Earth, 0 077747; 
Mars, 0 142243 Jupiter, 0 061548, Saturn, 0 084919, and 
Uranus, 0 064646 And it is remarkable that although the 
erroneous assumption in question has vitiated Lagrange’s 
conclusions as to the secular progression in the magnitudes 
of the eccentricities, the superior limits arrived at by him 
agree very nearly indeed with these For the tnfenor limit 
of that of the Earth’s orbit, M Leverrier assigns 0 003314, 
being the nearest approach it will make to the circular form 
This will be attained in 23980 years from the epoch A D 
1800, for which the calculations are instituted; t e in A D 
25780 The triple period of the eccentricities of Jupiter, 
Saturn, and Uranus, taken os a group, is 900,000 years (un 
certain to 4D00±) Tho maxima and the minima of that of 
Saturn are separated by an interval of 84647 years (uncertain 
to 117±), and its next minimum will happen in A D 17914, 
at winch epoch its value will be 0 0136 In the Appendix 
the reader will find the elements of the earth’s orbit, ealeu 
lated for intervals of 10 000 year? from 100,000 yean before 
A D 1800 to 100,000 after that date by M Lot crricr, and 
the excentncities hj Mr Oroll for 1,000,000 years before and 
after the same epoch 
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CHAPTER XIV 

Ot the Inequalities Independent cl the Fxcentricilios — The Moon’* Yana 
t!on and Parallactic Inequality — Analogous Placotary Inequalities — 
Three Ca«es of Planetary Perturbation Distinguished — Of Inequalities 
Dependent on tl e Eicenlncillea — Long Inequality of Jupiter and 
Saturn — Law ol Reciprocity Between the Periodical Variations of the 
Elements of both Planets — Long Inequal ly of the Earth and Venus — 
Variation of tlio Epoch — Inequalities Incident on the Epoch Affecting 
the Mean Mot on — Interpretation ot the Constant Part of theso In 
equalities — Annual Equation of the Moon — Her Secular Acceleration 
— Lunar Incqualit es Due to -the Action o! V enus— Effect of the Spho 
rodd Figure of the Earth and Other Planet* on the Motions of their 
Satellites — Of the Tides— Masses of Disturbing Bodies Deduclble from 
the Perturbations they Produce — Mass of the Moon and of Jupiter a 
Satellites how Ascertained — Perturbations of Uranus Resulting in 
the Discovery of Neptune— Determination of the Absolute Mass and 
Density of the Earth 

(702 ) To calculate the actual place o! a planet or the 
moon, in longitude and latitude at any assigned time, it is 
not enough to know the changes produced by perturbation 
in the elements of its orbit, still less to know the secular 
changes eo produced, which are only the outstanding or un- 
compensated portions of much greater changes induced in 
short periods of configuration We must be enabled to esti 
mate the actual effect on its longitude of those periodical ac 
celerattons and retardations in the rate of its mean angular 
motion, and on its latitude of those deviations above and 
below the mean plane of its orbit, which result from the con 
tinned action of the perturbative forces, not as compensated 
m long periods, but as in the act of their generation and de 
struction m short ones In this chapter we purpose to gtve 
an account of some of the most prominent of the equations 
AsiitosouT— Tot TX—1 
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or inequalities thence arising, several of wliioh are of high 
historical interest, as having become known by observation 
previous to the discovery of their theoretical causes, and as 
having, by their successive explanations from the theory of 
gravitation, removed what were in some instances regarded 
as formidable objections against that theory, and afforded in 
all most satisfactory and triumphant verifications of it . 

(703 ) TVe shall begin with those which compensate 
themselves in a synodic revolution of the disturbed and 
disturbing body, and which are independent of any per- 
manent excentricity of either orbit, going through their 
changes and effecting their compensations in orbits slightly 
elliptic, almost precisely as if they were circular. These 
inequalities result, in fact, from a circulation of the true 
upper focus of the disturbed ellipse about its mean place 
in a curve whose form and magnitude the principles laid 
down in the last chapter enable us to assign in any pro- 
posed case. If the disturbed orbit be circular, this mean 
place coincides with its centre: if elliptic, with the situa- 
tion of its upper focUB, as determined from the principles 
laid down m the last chapter. 

(704.) To understand the nature of this circulation, we 
must consider the joint action of the two elements of the 
disturbing force. Suppose II to be the place of the upper 
focus, corresponding to any situation P of the disturbed 
body, and let P P' be an infinitesimal element of its orbit, 
described in an instant of time Then supposing no dis- 
turbing force to act, P P' will be a portion of an ellipse, 
having H for it3 focus, equally whether the point P or P' 
be regarded. But now let the disturbing forces act during 
the instant of describing P P’. Then the foc«3 II will shift 
its position to II', to find which point wo must recollect, 
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1st "What is demonst rated in art 671, viz that the effect 
of the normal force is to vary the position of the line P H 
so as to make the angle HPH equal to double the vano 
t\on of the angle of tangency due to toe action of that force, 
without altering the distance P H so that in virtue of the 
normal force alone, H would move to a point h, along 
the line H Q drawn from II to a point Q 00® in advance 
of P (because S II being exceedingly small, the angle P II Q 
maj be taken as a right angle when P S Q is so) H ap 
jnroachiny Q if the normal force act outuard, but receding 



from Q if inward And similarly the effect of the tangen 
tial force (art 670) is to vary the position of H in the direc 
tion H P or P H according as the force retards or acceler 
ates P s motion To find H then from H draw H P, H Q 
to P and to a point of P s orbit 90° in advance of P On 
H Q take H h the motion of the focus due to the normal 
force and on H P take II k the motion due to the tangential 
force complete the parallelogram H H and its diagonal 
H H will be the element of the true path of H in virtue 
of the joint action of both forces 

(705 ) The most conspicuous ca«ie in the planetary system 
to which the above reasoning is applicable is that of the 
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moon disturbed by the sun. The inequality thus arising 
is known by the name of the moon's variation, and was 
discovered so early as about the year 975 by tho Arabian 
astronomer Aboul We(a ’ Its magnitude (or the extent of 
fluctuation to and fro in the moon’s longitude which it 
produces) is considerable, being no less than l 6 4’, and 
it is otherwise interesting as being tho first inequality 
produced by perturbation, which Newton suoceedcd in 
explaining by the theory of gravity. A good general idea 
of its naturo may be formed by considering tho direct action 
of tho disturbing forces on the moon, supposed to move in 
a circular orbit. In such an orbit undisturbed, the velocity 
would be uniform; but tho tangential force acting to ac- 
celerate her motion through the quadrants preceding her 
conjunction and opposition, and to retard it through tho 
alternate quadrants, it is evident that the velocity will have 
two maxima and two minima, the former at tho ayzygics 
the latter at the quadratures. Ilcnco at the syzjgies the 
velocity will exceed that which corresponds to a circular 
orbit, and at quadratures will fall short of it. The true 
orbit will therefore bo less curved or more flattened than 
a circle in sjogies, and more curved (• e protuberant be- 
yond ft circle) in quadratures. Tina would be the case oven 
were tho normal force not to act. lint the action of that 
force increases tho effect in question, for at tho *yzygir«, 
and as far as 6-1° 14 on either side of them, u « C L» outward, 
or in counteraction of the earth's attraction, and thereby 
prevents tho orbit from being so much curved as it other- 
wise would be, while at quadrature*, and for 2.V 46* on 
cither side of them, u acts inward, aiding the earth's at 

M ftit S'ounSiM RKlne , H pw 4 t'lf 
I® 4 A ?»!:*•». 
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traction, and rendering that portion of the orbit more 
curved than it otherwise would he Thus the jomt action 
of both forces distorts the orbit from a circle into a flattened 
or elliptic form having the longer axis in quadratures, and 
the shorter in Bjzygies, and in this orhit the moon moves 
faster than with her mean velocity at syzygy (i e where 
Bhe is nearest the eartl ) and slower at quadratures where 
furthest Her angular motion about the earth is therefore 
for both reasons greater in the former than m the latter 
situation Hence at syzygy her true longitude seen from 
the earth will he in the act of gaining on her mean — m 
quadratures of losing and at some intermediate points (not 
very remote from the octants) v. 11 neither be gaining nor 
los ng But at these points having bee i garni g or lost g 
through the whole previous 90° the amount of g tin or loss 
will have attained its maximum Consequently at the oc 
tants the true longitude will deviate most from the mean m 
excess and defect and the inequality m quest on is there 
focc tu l at syzygiea and quadrature* and attains vta maxima 
in advance or retardation at the octants which is agreeable 
to observation 

(706 ) Let us however now see what account can be 
rendered of this inequality by the simultaneous variations 
of tl e axis and excentncity as above explained The tan 
gential force as will be recollected is i il at syzygies and 
quadratures and a maximum at the octauts accelerative in 
the quadrants E A and I) B and retarding in A D and B 
E In the two former then the axis is in process of length 
en ng in the two latter si ortemng On the other hand 
the normal force lamsbes at (a b d e) 64° 14 from the 
Bjzygies It acts outiard over e A a b B d and inward 
o\era D b and d E e la virtue of the tangential force, 
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then, tho point II moves toward P w lion P is in A D, B E, 
and from it when in I) B, JE A, tho motion being nil when 
at A, B, I), E, and most rapid when at tho octant I>, at 
which points, therefore (so far as this force is concerned), 
the focus II would have its mean situation. And in virtue 
of tho normal focus, the motion of II in tho direction II Q 
will bo at its maximum of rapidity toward Q at A, or B, 
from Q at D or E, and nil at a, b, d, e. It will assist us in 
following out theso indications to obtain a notion of the 



form of tho curve really described by H, if we trace sepa- 
rately the paths which II would pursue in virtue of either 
motion separately, since its true motion will necessarily 
result from the superposition of these partial motions, be- 
cause at every instant they are at right angles to each other, 
and therefore cannot interfere First, then, it is evident, 
from what we have said of the tangential force, that when 
P is at A, H is for an instant at rest, but that as P removes 
Ira, a? A t&R'ird JD, JET jspprc&ebes P altxig thstr 

line of junction H P, which zs, therefore, at each instant 
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reversed, the curve will have a cusp fit l corresponding, and 
H will then begin to travel along the arc l m, while P de- 
scribes the corresponding aro from neutral point to neutral 
point through D. Arrived at the neutral point between 
D and B, the motion of II along Q II will be again arrested 
and reversed, giving nse to another cusp at m, and so oa 
Thus, in virtue of tho normal force acting alone, the path 
of H would bo the four cusped, elongated curve l m n o, 
described with a motion round S tho reverse of P’s, and 
having a, d, $, e, for points corresponding to A, B, D, E, 
places of P 

(708 ) Nothing is now easier than to superpose theso 
motions Supposing H,, II, to be the points in cither carve 
corresponding to P, we have nothing to do but to set from 
off S, S h equal and parallel to S II, in the one curve and 
from A, A H equal and parallel to S II, in the other Let 
this be done for every corresponding point in the two 



curves, and there results an oval curve a d b e having for 
its semiaxis Su = Sa, 4- Sa„ and Sd = Sd, 4- Sd, And this 
will be the true path of the upper focus, the points a, d, b, e, 
corresponding to A, D B, E, places of P And from this it 
follows, 1st, that at A, B, the syzygtes, the moon is m peri- 
gee in her momentary ellipse, the lower focus being nearer 
than the upper 2dly, That in quadratures D, E, the moon 
is in apogee m her then momentary ellipse, the upper focus 
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being then nearer than the lower 8dly, That II revolves in 
the oval a d b t the contrary way to P in its orbit, making a 
complete revolution from eyzygy to eyzygy in one synodic 
revolution of the moon 

(709 ) Taking 1 for the moon’s mean distance from the 
earth, suppose we represent Sa, or Srf, (for they are equal) 
bv 2a, Sa, by 2b, anil Sd, by 2c, then will the semiaxes of 
the oval a d b t Sa and S d be respectively 2a -f- 2b and 
2a -f 2c, so that the excentncities of the momentary ellipses 
at A and D will be respectively a +- 6 and a + c The total 
amount of the effect of the tangential force on the axis, in 
passing from syzygy to quadrature, will evidently be equal 
to the length of the curvilinear arc a d, ( fig art 708), which 
is necessarily less than Sa, +- Sd or 4 a Therefore the total 
effect on the eemtaxis or distance of the moon is less than 
2a and the excess and defect of the greatest and least values 
of this distance thus varied above and below the mean value 
SA = 1 (which call «) will be less than a The moon then 
is moving at A in the perigee of an ellipse whose semiaxis is 
1 + a and excentncity a +- b, so that its actual distance from 
the earth there is 1 +- a — a — 6, which (because a is less 
than a) is less than 1 — b Again, at D it is moving in apo 
gee of an ellipse whose semiaxis is 1 — a and excentncity 
a +- c, so that its distance then from the earth is 1 — a +- 
a +- c, which (a being greater than a) is greater than 1 +- c, 
the latter distance exceeding the former by 2a — 2a +- b +- c 
(710 ) Let ns next consider the corresponding changes 
induced upon the angular velocity Now it is a law of 
elliptic motion that at different points of different ellipses 
each differing very Uttle from a eirc'e the angular velocities 
are to each other as the square roots of the semiaxes directly, 
and as the squares of the distances inversely In this case 
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the scmiaxes at A and D are to each other ns 1 -f * a to 1 — <h 
or ns 1 1 — 2«, so that their Bquaro roots are to each other 
ns 1 1 — -a Again, the distances being to each other ns 
1-j-a — a — b 1 — a-f-c + e, the mvorsc ratio of their 
squares (since a, a, b, c, are all very small quantities) is that 
of 1 — 2a -f- 2a -f- 2c l~\-2a—-2a — 25,orasl 1 — 4a — 4a 
— 2 h — 2c The angular velocities then aro to each other in 
a ratio compounded of these two proportions, that is, in the 
ratio of 

1 1 + 8* — 4a — 2& — 2c, 

which is evidently that of a greater to a less quantity It is 
obvious also, from the constitution of the second term of 
this ratio, that the normal force is far more influential m 
producing this result than the tangential 

(711 ) In the foregoing reasoning the sun has been re 
gnrded as Axed Let us now suppose it m motion (m a cit 
cular orbit) then it is evident that at equal angles of elonga 
lion (of P from M Been from S) equal disturbing forces, both 
tangential and normal, will act only the syzygies and quad 
ratures, as well as the neutral points of the normal force, 
instead of being points fixed in longitude on the orbit of the 
moon, will advance on that orbit with a uniform angular 
motion equal to the angular motion of the bud The cuspi 
dated curves a, d £ e, and a, d, b, e, fig art 708 will there 
fore no longer be re entering curves, but each will have its 
cusps screwed round as it were in the direction of the sun s 
motion, bo as to increase the angles between them m the 
ratio of the synodical to the sidereal revolution of the moon 
^nrt 418) And if, in like manner, the motions in these two 
curves, thus separately described by H be compounded, the 
resulting curve though stilL (loosely speaking) a species of 
oval, will not return into itself, but will make successive 
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spiroidal com olutions about S, its furthest and nearest 
points being m the same ratio more than HO 3 asunder. And 
to this movement that of the moon herself will conform, 
describing a species of elliptic spiroid, ha\ ing its least dis- 
tances always in the line of syzygics and its greatest in that 
of quadratures It is evident al*o, that, owing to the longer 
continued action of both forces, i e owing to the greater arc 
over which their intensities mcrenso and decrease by equal 
steps, the branches of each curve between the cusps will be 
longer, and the cusps themselves will be more remote from 
S, and m the Bame degree will the dimensions of the result 
ing oval be enlarged, and with them the amount of the in 
equality in the moon’s motion which they represent 

(712 ) In the above reasoning the sun’s distance 13 sup 
posed bo great, that the disturbing forces in the semi orbit 
nearer to it shall not sensibly differ from those in the more 
remote The sun, however, is actually nearer to the moon 
in conjunction than in opposition by about one two hun 
dredth part of its whole distance, and this suffices to give 
nse to a very sensible inequality (called the parallactic tn 
equality) in the lunar motions, amounting to about 2 in its 
effect ou the moon’s longitude, and having for its period one 
synodical revolution or one lunation As this inequality, 
though subordinate in the case of the moon to the great in 
equality of the variation with which it stands in connection, 
becomes a prominent feature in the system of inequalities 
corresponding to it in the planetary perturbations (by reason 
of the very great variations of their distances from conjunc 
tion to opposition) it will be necessary to indicate what 
modifications this consideration will introduce into the forms 
of our focus curves, and of their superposed oval Kecar 
nng then to oar figures m arts 706, 707, and supposing the 
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moon to set out from E, ndd the upper focus, in each curve 
from e, it is evident that the intercuspidnl arcs e a, a d, in 
the one, and e o, o a l, Id, in the other, being described 
under the influence of more powerful forces, will be greater 
than tbo arcs d b t h e , and d m, mb «, n e corresponding in 
the other half revolution The two extremities of these 
curves then, the initial and terminal places of e in each, will 
not meet, and the same conclusion will hold respecting those 
of the compound oval in which the focus really revolves, 
Which will, therefore, bo as in the annexed figure Thus, 
at the end of a complete lunation, the focuB will have shifted 
its place from c to/in a line parallel to the line of quadra 
tures The next revolution, and the next, the same thing 



would happen Meanwhile, however, the bud has advanced 
m its orbit, and the line of quadratures has changed ^ts situ- 
ation by an equal angular motion In consequence, the 
next terminal situation (y) of the forces will not he m the 
line e f prolonged, but in a line parallel to the new situation 
of the line of quadratures, and this process continuing, will 
evidently give rise to a movement of circulation of the 
point e, round a mean situation m an annual period, and 
this, it is evident, is equivalent to an annual circulation of 
the central point of the compound oval itself, in a small 
orbit about its mean position S Thus we see that no per- 
manent and indefinite increase of excentncity can arise from 
this cause, which would be the case, however, but for the 
annual motion of the sun 

(718 ) Inequalities precisely Bimilar in principle to the 
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tanation and parallactic inequality of the moon, though 
greatly modified by tho different relations of the dimensions 
of the orbite, prevail in all cases where planet disturbs 
planet To what extent this modification is earned will be 
cwdont, if we cast our eyes on the examples given m art 
012 where it will be seen that the disturbing force in con 
junction often exceeds that in opposition in a aery high 
ratio (being in the case of .Neptune disturbing Uranus more 
than ten times as great) Tho effect will bo, that tho orbit 
described by the centre of the compound o\ al about S will 
be much greater relatively to the dimensions of thatotn! 
itself, than in the case of the moon Bearing in mind the 
nature and import of this modification we may proceed to 
inquire, apart from it into the number and distribution of 
the undulations in the contour of the oval itself arising from 
the alternations of direction plus and tm iui of the disturb 
ing forces in the course of a synodic reiolution But first 
it should be mentioned that, in the case of an exterior dis 
turbed. by an interior planet the disturbing body a angular 
motion exceeds that of the disturbed Hence P though 
advancing m its orbit, recedes relatively to the line of syzy 
gies, or, which comc3 to the same thing the neutral points 
of either force overtake it in succession and each as it 
comes up to it, gives rise to a cusp m the corresponding 
focus curie The angles between the successive cusps will 
therefore be to the angles between the corresponding neutral 
points for a fixed position of M in the same constant ratio of 
the synodic to the sidereal period of P, which, however, is 
now a ratio of less inequality These angles then will be 
contracted in amplitude, and, for the same reason as before, 
Cue excursions of the focus will be diminished, and the more 
so the shorter the synodic revolution 
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(714 ) Since the cusps of either curve recur, in successive 
synodic re\olutions in the same order, and at the same an 
gular distances from each other, and from the line of con 
junction, the Bame will be true of all the corresponding 
points in the curve resulting from their superposition In 
that curve, every cusp of either constituent, will givo rise 
to a convexity, and every mtercuspidal arc to a relative con 
cavity It is evident then that the compound curve or true 
path of the focus so resulting, but for the cause above men 
tioned, would return into itself, whenever the periodic times 
of the disturbing and disturbed bodies are commensurate, 



because in that case the synodic period will also be com 
mensurate with either, and the arc of longitude intercepted 
between the sidereal place of any one conjunction, and that 
next following it, will be an aliquot part of 360 9 In all 
other cases it would be a non re entering, more or less undu 
lating and more or les3 regular, spiroid, according to the 
number of cusps m each of the constituent curves (that is to 
say, according to the number of neutral points or changes of 
direction from inward to outward, or from accelerating to 
retarding, and vice versd, of the normal and tangential 
forces) in a complete synodic revolution, and their distn 
balms s>vsr the arcszoterenc e 

(716) With regard to these changes, it is necessary to 
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distinguish three ca.-.c’*, in which the perturbations ol planet 
by planet are very distinct in character 1st When the 
disturbing planet is extenor In this case there are lour 
neutral points of cither force Tho«»c of the tangential 
force occur at the sizygics, and at the points of the dis- 
turbed orbit (which we shall call points of equidistance), 
equidistant from the sun and the disturbing planet (at 
which points, ns we Ime shown, art 614, the total dis- 
turbing force is always directed inward toward the sun) 
Those of the normal force occur at points intermediate be 
tween these last mentioned points, ami the syzjgies, which, 
if the disturbing planet be iery distant, bold nearly the sit 
nation they do in the lunaT theory » e considcnbl) nearer 
the quadratures than the sjzjgics In proportion ns the 
distance of the disturbing planet diminishes, two of these 
points, viz those nearest the s^zjg), approach to each 
other, and to the syzyg), and m the extreme case, when 
the dimensions of the orbits arc equal coincide with it 
(716 ) The second case is that in which the disturbing 
planet is interior to the disturbed, but at a distance from 
the sun greater than half that of the latter In this case 
there are four neutral points of the tangential force, and 
only two of the normal Those of the tangential force 
occur at the syzygies, and at the points of equidistance. 
The force retards the disturbed body from conjunction to 
the first Buch points after conjunction, accelerates it thence 
to the opposition, thence again retards it to the next point 
of equidistance, and finally again accelerates it up to the 
conjunction As the disturbing orbit contracts in dimen 
sion the points of equidistance approach, their distance 
Vrom syzygy ‘irom W- '(fue extreme easOj Inmmiimng “to 
nothing, when they coincide with each other, and with the 
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conjunction. In the case of Saturn disturbed by Jupiter, 
that distance is only 23° 33'. The neutral points of the 
normal force be somewhat beyond the quadratures, on the 
side of the opposition, and do not undergo any very 
material change of situation with the contraction of the 
disturbing orbit. 

(717 ) The third case is that in which the diameter of 
the disturbing interior orbit is less than half that of the 
disturbed. In this case there are only two points of evan 
escence for either force. Those of the tangential force are 
the syzygies The disturbed planet is accelerated through- 
out the whole semi-revolution from conjunction to opposi- 



tion, and retarded from opposition to conjunction, the max- 
ima of acceleration and retardation occurring not far from 
quadrature. The neutral points of the normal force are 
situated nearly as in the last case, that is to say, beyond 
the quadratures toward the opposition. All these varieties 
the student will easily trace out by simply drawing the fig- 
ures, and resolving the forces in a series of cases, beginning 
with a very large and ending with a very small diameter of 
the disturbing orbit. It wifi greatly aid him in impressing 
on his imagination the general relations of the subject, if 
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he construct, as he proceeds, for each case, the elegant and 
symmetrical ovals itv which the points $T and L (Jig art- 
675) always lie, for a fixed position of M, and of which 
the annexed figure expresses the forms they respectively 
assume in the third case now under consideration The 
second only difiera from this, m having the common vertex 
m of both ovals outside of the disturbed orbit A P, while 
in the case of an exterior disturbing planet the oval m L 
assumes a four lobed form, its lobes respectively touching 
the ot &1 to N in its vertices and cutting the orbit A P 
in the points of equidistance and of tangency (i e where 
M P S is a right angle) as in this figure 



(718 ) It would be easy now, bearing these features m 
mind, to trace m any proposed case the form of the spiroid 
curve described os above explained, by the upper focus 
It will suffice, however for our present purpose to remark, 
1st, That between every two successive conjunctions of P 
and M the same general form, the same subordinate undu 
lations, and tho same terminal displacement of the upper 
focus are continually repeated 2dly, That the motion of 
the focus m this curie is retrograde wlieneter the disturb 
log planet is exterior, and that in consequence the apsides 
of the momentary ellipse nl«o recede vnth a mean velocity 
such as, but for that displacement, would bring them round 
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at each conjunction to the same relative situation with re 
spect to the line of syzygies 3dly, That in consequence 
of this retrograde movement of the apse, the disturbed 
planet, apart from that consideration, would be twice in 
penhelto and twice in aphelio in its momentary ellipse 
in each Bynodic revolution, just as m the case of the 
moon disturbed by the sun — and that m consequence of 
this and of the undulating movement of the focus H itself, 
an inequality will arise, analogous, mutatis mutandis in each 
case, to the moon s variation, under which term we compre 
hend (not exactly in conformity to its strict technical mean 
ing in the lunar theory) not only the principal inequality 
thus arising, but all its subordinate fluctuations And on 
this the parallactic inequality thus violently exaggerated is 
superposed 

(719 ) We come now to the class of inequalities which 
depend for their existence on an appreciable amount of 
permanent excentncity m the orbit of one or of both the 
disturbing and disturbed planets, m consequence of which 
all their conjunctions do not take place at equal distances 
either from the central body or from each other, and there 
fore that symmetry in every synodic revolution on which 
depends the exact restoration of both the axis and excen 
tncity to their original values at the completion of each 
such revolution no longer subsists In passing from con 
junction to onjunction, then, there will no longer be 
effected either a complete restoration of the upper focus 
to the same relative situation, or of the axis to the same 
length which they respectively had at the outset At the 
same time it is not less evident that the differences in both 
respects are only what remain outstanding after the com 
pensafcion of by far the greater part of the deviations to and 
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fro from a mean state -which occur m the coarse of the revo- 
lution, and that they amount to but small fractions of the 
total excursions of the focus from its first position or of 
the increase and decrease m the length of the nxi3 effected 
by the direct action of the tangential force — so small in 
deed, that unless owing to peculiar adjustments they be 
enabled to accumulate again and again at successive con 
junettons m the same direction, the} would be altogether 
undeserving of any especial notice in a work of this nature 
Such adjustments however would evidently exist if the 
periodic times of the planets were exactl} commensurable 
since in that cose all the possible conjunctions which could 
ever happen (the elements not being materially changed) 
would take place at fixed points m longitude the inter 
mediate points being never visited by a conjunction Now 
of the conjunctions thus di9tnbated their relations to the 
lines of symmetry in the orbits being all dissimilar some 
one must be more inflnential than the rest on each of the 
elements (net necessarily the same upon all) Consequently, 
m a complete cycle of conjunctions wherein each has been 
visited in its turn the influence of that one on the element 
to which it stands so especially related will preponderate 
over the counteracting and compensating influence of the 
rest and thus although in such a cycle as above specified, 
a further and much more exact compensation will have 
been effected in its value than in a single revolution still 
that compensation will not be complete hut a port on of 
the effect (be it to increase or to diminish the excentncity 
or the axis or to cause the apse to advance or to recede) 
will remain outstanding In the next cycle of tbe same 
’irnrii ‘tun ~wlh Vt vuL *iub r«ra?/» tpAI fyfc 'Jne 

same character and so on till at length a sensible and 
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ultimately a large amount of change shall have taken place, 
and m fact until the axis (and with it the mean motion) 
shall have so altered as to destroy the commensorabihty of 
periods, and the apsides have so shifted as to alter the place 
of the most influential conjunction 

(720 ) Now, although it is true that the mean motions 
of no two planets are exactly commensurate, yet cases are 
uot wanting m which there exists an approach to this ad 
justment For instance, in the case of Japi ter and Saturn, 
a cycle composed of five periods of Jupiter and two of 
Satarn, although it does not exactly bring about the same 
configuration does so pretty nearly Five periods of Ju 
piter are 21663 days, and two periods of Saturn, 21619 
days The difference is only 146 days, in which Jupiter 
describes, on an average, 12°, and Saturn about 5°, so that 
after the lapse of the former interval they will only be 7° 
from a conjunction in the same parts of their orbits as 
before If we calculate the time which will exactly bring 
about, on the average three conjunctions of the two planets, 
we shall find it to be 21760 da) s, their synodical period 
being 7253 4 days In this interval Saturn will have de- 
scribed 8° 6 in excess of two sidereal revolutions, and 
Jupiter the same angle in excess of five Every third 
conjunction, then, will take place 8° 6 in advance of tho 
preceding, which is near enough to establish, not, it is 
true, an identity with, but still a great approach to the 
cn<<e in question The excels of action, for several such 
triple conjunctions (7 or 8) in succession, will he the same 
way, and at each of them the elements of P s orbit and its 
angular motion will be similarly influenced, eo os to accu 
roufale the off ct upon its fongituuc, thus giving nso to 
an irregularity of considerable magnitude and very long 
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period, which ig well known to astronomers by the name 
oC the great inequality of Jupiter and Saturn. 

(721.) The arc 8” 6' is contained 4-11 times in the whole 
circumference of 360°; and accordingly, if we trace round 
this particular conjunction, we shall find it will return to 
the same point of the orbit in so many times 21760 days, or 
in 2618 years. But the conjunction we ace now consider- 
ing is only one out of three. The other two will happen at 
points ot the orbit about 123* and 216° distant, and 
points also will advance by the same arc of 8° 6' in 21760 
days. Consequently the period of 2618 years will bring 
them all round, and m that interval each of them will pass 
through that point of the two orbits from which we com- 
menced: hence a conjunction (one or other of the three) will 
happen at that point once in one third of this period, or in 
883 years; and this is, therefore, the cycle in which the 
“great inequality" would undergo its full compensation, 
did the elements of the orbits continue nil that time in 
variable. Their variation, howeveT, is considerable m so 
long an interval, and, owing to this cause, the period 
itself is prolonged to about 918 years 

(722) We have selected this inequality as the most re- 
markable instance of this kind of action on account of its 
magnitude, the length of its period, and its high historical 
interest It had long been remarked by astronomers, that 
on comparing together modern with ancient observations of 
J upiter and Saturn, the mean motions of these planets did 
not appear to be uniform. The period of Saturn, for in- 
stance, appeared to have been lengthening throughout the 
whole of the seventeenth century, and that of Jupiter sbort- 
enrag — tfmCi 13*10 say, *£ae one pfamVt was otnatotfAy ’rigging 
behind, and the other getting in advance of its calculated 



OUTLINES OF ASTRONOSIY 


m 

place On the other hand, in the eighteenth century, a 
process precisely the reverse seemed to be going on It is 
true the whole retardations and accelerations observed were 
not very great, but, as their influence went on accnmulat 
ing, they produced, at length, matenal differences between 
the observed and calculated places of both these planets, 
which as they could not then be accounted for by any 
theory, excited a high degree of attention, and were even, 
at one time, too hastily regarded as almost subversive of the 
Newtonian doctrine of gravity For a long while this differ 
ence baffled every endeavor to account for it, till at length 
Laplace pointed out its cause in the near commensurabihty 
of the mean motions, as above shown, and succeeded m cal 
cahtiDg its period and amount 

(723 ) The inequality in question amounts at its maxi 
mum, to an alternate gam and loss of about 0° 49 in the 
longitude of Saturn, and a corresponding loss and gain of 
about 0° 21 in that of Jupiter That an acceleration m the 
one planet must necessarily be accompanied by a retardation 
in the other might appear at first sight self evident, if we 
consider, that action and reaction being equal, and in con 
trary directions, whatever momentum Jupiter communicates 
to Saturn in the direction P if, the same momentum must 
Saturn communicate to Jupiter m the direction M P The 
one, therefore, it might seem to be plausibly argued, will be 
dragged forward, whenever the other is pulled back in its 
orbit The inference is correct so far as the general and 
final result goes, but the reasoning by which it would, on 
the first glance, appear to be thus summarily established is 
fallacious, or at least incomplete It is perfectly true tli3t 
whatever momentum Jupiter communicates directly to Sat 
urn, Saturn comm um cates an equal momentum to Jupiter 
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in an opposite linear direction But it is not with the nbso 
late motions of the two planets in space that we are now 
concerned, bat with the retain o motion of each separate!), 
with respect to the son regarded as at rest The p*rturba 
tne forces (the forces which disturb these relative mot ons) 
do not act along the line of junction of the planets (art GW) 
In the reasoning thus objected to, the attraction of each on 
the sun has been left out of the account * and it remains to 
be shown that these attractions neutralize and destroy each 
other’s effects in considerable periods of time, a3 bearing 
upon the result xn question Suppose then that we for a 
moment abandon the point of view, in which we have 
hitherto all along considered the subject and regard the 
sun as free to move, and liable to be displaced by the at 
tractions of the two planets Then will the movements of 
all be performed about the common centre of gravity , just 
as they would have been about the sun a centre regarded os 
immovable, the sun all the while circulating in a small orbit 
(with a motion compounded of the two elliptic motions it 
would have in virtue of their separate attractions) about the 
same centre Now in this case M still disturbs P and P, M, 
but the whole disturbing force now acts along their line of 
junction, and since it remains true that whatever momentum 
M generates in P, P will generate the same in II in a con 
trary direction it will also be strictly trne that so far as a 
disturbance of their elliptic motions about the common centre 
of gravity of the system ts alone regarded, whatever disturb 
ance of velocity is generated in the one, a contrary dis 

* We are here read ng a sort of recantation In the ed tion of 1833 the 
remarkable result In quea on m sought to bo es abl si od by thU tco s reason 
ing Tl e a stake Is a very o*tu al one anti a so apt to 1 aunt tho Ideas of be 
gums s In this department of physics that it Is worth while expressly to warn 
them against it. 
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turbanc© of velocity (only in the inverse ratio of the mas. es 
nud modified, though never contradicted, by the directions 
in which they are respectively moving), will be generated in 
the other Now when we are considering only inequalities 
of long period comprehending many complete revolutions 
of both planets, and which arise from changes in the axes of 
the orbits, affecting their mean motions, it matters not 
whether we suppose these motions performed about the 
common centre of gravity, or about the sun, which never 
departs from that centre to any material extent (the mass of 
the sun being such in comparison with that of the planets, 
that that centre always lies within his surface) The mean 
motion therefore regarded as the average angular \clocity 
during a revolution, is the sarao whether estimated by refer 
ence to the sun s centre, or to the centre of gravity, or, in 
other words, the relati\ e mean motion referred to the sun is 
identical with the absolute mean motion referred to the cen 
tre of gravity 

(724 ) ThiB reasoning applies equally to every case of 
mutual disturbance resulting in a long inequality bucIi us 
may arise from a slow and long continued periodical weroaso 
and diminution of the axes and geometers hate accordingly 
demonstrated ns a consequence from it, that the proportion 
iu which such inequalities affect the longitudes of the two 
planets concerned, or the maxima of the txccsscs and do 
fccta of their longitudes above and below their clliptio 
values thence arising in each, arc to each other in the in 
verso ratio of their masses multiplied by the square roots 
of tho mnjor axes of their orbits and this result is confirnu ! 
by observation, and will be found vcnfiid in the instance 
immedWeiy in question «< oearfj air the anc'erfwifj i*fnV 
subsisting as to tho tn i«scs of the two planets will j crum 
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(723 ) The inequality In question, ns has been observed 
in general (act 7181 would be much greater, were it not for 
the partial compensation which is operated tn it in every 
triple conjunction of the phnets Suppose P Q It to be 
Saturn’s orbit, anil p q r Jupiter’e, mid suppose a conjunc 
tion to tako place at Py?, on the line S A, a second at 123“ 
distance, on the line SB, a third at 246“ distance, on S 0, 
and the next at SG8“, on S D This last mentioned con 
junction, taking place nearly m the 
situation of the first, will produce 
nearly a repetition of the first effect 
in retarding or accelerating the plan- 
ets, but the other two, being in the 
most remote situations possible from 
the first, u ill happen uader entirely 
different circumstances os to the posi 
tion of the perihelia of the orbits Now, we havo seen that 
a presentation of the one planet to the other tn conjunction, 
in a variety of situations, tends to produce compensation, 
and, in fact, the greatest possible amount of compensation 
which can be produced by only three conjunctions is when 
they are thu3 equally distributed round tho centre Henco 
we see that it is not the whole amount of perturbation which 
is thus accumulated in each triple conjunction, but onlj that 
email part which is left uncompensated by the intermediate 
ones The reader, who possesses already some acquaint 
ancc with the subject, will not be at a loss -to perceive how 
this consideration is, m fact equiv alent to that part of the 
geometrical investigation of this inequality which leads us 
to seek its expression m terms of the third order, or mvolv 
mg tho cubes and products of three dimensions of the excen 
tricities and inclinations and how the continual accumula 

AsTBoiomr — To! XX— 8 a 
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tion of small quantities, during long periods, corresponds to 
what geometers intend when they speak of small terms re 
ceiving great accessions of magnitude by the introduction of 
large coefficients in the process of integration 

(726 ) Similar considerations apply to every case of ap 
proximate commensurability which can take place among 
the mean motions of any two planBts Such, for instance, 
is that which obtains between the mean motion of the earth 
and Venus — 18 times the period of Venus being very nearly 
equal to 8 times that of the earth This gives rise to an ex 
tremely near coincidence of every fifth conjunction, in the 
same parts of each orbit (within part of a circumfer 

ence), and therefore to a correspondingly extensive accumu- 
lation of the resulting uncompensated perturbation But, 
on the other hand, the part of the perturbation thus accumu 
lated is only that which remains outstanding after passing 
the equalizing ordeal of five conjunctions equally distrib 
uted round the circle, or, in the language of geometers, is 
dependent on powers and products of the excentricities and 
inclinations of the fifth order It is, therefore, extremely 
minute, and the whole resulting inequality, according to the 
elaborate calculations of Mr Airy, to whom it owes its de 
tection, amounts to no more than a few seconds at its maxi 
mum, while its period is no less than 240 years This 
example will Berve to show to what minuteness these mqui 
rics have been carried in the planetary theory 

(727 ) That v nnations of long period arising in the way 
above described are necessarily accompanied by similarly 
periodical displacements of the upper focus, equivalent in 
their effect to periodical fluctuations in the magnitude of the 
excenlncity, and in the position of the line of apsides, is 
ovident from what has been already said respecting the mo 
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ion of the upper focus under the influence of the disturbing 
orces In the case of circular orbits the mean place of H 
omcides with S the centre of the sun bat if the orbits have 
my independent elhpticity, this coincidence will no longer 
:xist — and the mean place of the upper focus will come to 
>e inferred from the average of all the situations which it 
ictnally holds during an entire revolution Now the fixity 
)f this point depends on the equality of each of the branches 
>f the cuspidated curves, and consequent equality of excur 
3\on of the focus in each particular direction in every sue 
lessivo situation of the line of conjunction But if there be 



some one line of conjunction in which these excursions are 
greater in any one particular direction than in another the 
mean place of the focus will be displaced and if this process 
be repeated that mean place will continae to deviate more 
and more from its original position and thus will an«e a 
circulation of the mean place of the focus for a revolution 
about another mem situation the average of all the former 
mean places during a complete cycle of conjunctions Sup 
posing S to be the sun 0 the situation the upper focus 
would have had the^e inequalities no existence and H K 
the path of the upper focus which it pursues about O by 
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reason of them, then it is evident that in the coarse of a 
complete cycle of the inequality in question, the excentric 
lty will have fluctuated between the extreme limits S J and 
S 1 and the direction of the longer axis between the extreme 
position S H and S K, and that if we suppose tj h h to be 
the corresponding mean places of the focus, t y will be the 
extent of the fluctuation of the mean excentncity, and the 
angle h s k, that of the longitude of the perigee \ 

(728 ) The periods then in which these fluctuations go 
through their phases are necessarily equal m duration with 
that of the inequality in longitude, with which they stand 
m connection But it by no means follows that their max 
ima all coincide The variation of the axis to which that 
of the mean motion corresponds, depends on the tangential 
force only whose maximum is not at conjunction or opposi 
tion, but at points remote from either, while the excentncity 
depends both on the normal and tangential forces, the maxi 
mum of the former of which is at the conjunction That 
particular conjunction, therefore, which is most influential 
on the axis, is not so on the excentncity, so that it can by 
no means be concluded that either the maximum value of 
the axis coincides with the maximum, or the minimum 
of the excentncity, or with the greatest excursion to or 
fro of the line of apsides from its mean situation, all that 
can be safely asserted is, that as either the axis or the 
excentncity of the one orbit varies, that of the other will 
vary in the opposite direction 

(729 ) The primary elements of the lunar and planetary 
orbits, which may be regarded as variable, are the longitude 
of the node, the inclination, the axis, excontricity, longi 
tilde of the perihelion, and epoch (art 496) In tho fore 
going articles we ha\c shown in what manner each of the 
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first five of these elements is made to vary, by the direct 
action of the perturbing forces It remains to explain m 
what manner the last comes to be affected by them And 
heie it is necessary, in the first instance, to remove some 
degree of obscurity which may be thought to hang about 
the sense in which the term itself is to be understood in 
speaking of an orbit, every other element of which is re- 
garded as in a continual state of variation Supposing, 
then, that we were to reverse the process of calculation 
described m arts 499 and 500 by which a planet’s helio 
centric longitude in an elliptic.orbit is computed for a given 
time, and setting out with a heliocentric longitude ascer 
tamed by observation, all the olhtr elements being known, 
we were to calculate either what mean longitude the planet 
had at a giveu epochal time, or, which would come to the 
same thing, at what moment of time (thenceforward to be 
assumed as au epoch) it bad a given mean longitude It 
is evident that by this means the epoch, if not otherwise 
known, would become known, whether we consider it as 
the moment of time corresponding to a convenient mean 
longitude, or as the mean longitude corresponding to a con 
vement time The latter way of considering it has some 
advantages m respect of general convenience, and astrono 
mers are m agreement in employing, as an element under 
the title Epoch of the mean longitude the mean longi 
tude of the planet so computed for a fixed date, as, for 
instance, the commencement of the year 1800 mean time 
at a given place Supposing now all the elements of the 
orbit invariable, if we were to go through this reverse proc 
CS3, and thus ascertain the epoch (so defined) from any 
number of different perfectly correct heliocentric longi 
tudes, it is clear we should always come to the same 
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result One and the same “epoch" would come out from 
all the calculations 

(730 ) Considering then tbo "epoch" m this light, as 
merely a result of this reversed process of calculation, and 
not as the direct result of an observation instituted for the 
purpose at the precise epochal moment of time (which would 
be, generally speaking, impracticable), it might be conceived 
subject to variation in two distinct ways, viz dependency 
and independently Dependent ly it mast vary, as a neces 
sary consequence of the variation of the other elements, 
because, if setting out from one ami the same observed 
heliocentric longitude of the planet, we calculate back to 
the epoch with two different sets of intermediate elements, 
the one set consisting of those which it had immediately 
before its arrival at that longitude, the other that which it 
takes up immediately after (t e with an unvaried and a 
varied system), we cannot (unless by singular accident of 
mutual counteraction) arrive at the same result, and the 
difference of the results is evidently the variation of the 
epoch On the other hand, however, it cannot vary inde 
pendently, for since this is the only mode in which the un 
varied and varied epochs can become known, and as both re 
Balt from direct processes of calculation involving only given 
data, the results can only differ by reason of the difference 
of those data Or we may argue thus The change in the 
path of the planet, and its place m that path so changed, 
at any future time (supposing it to undergo no further 
variation) are entirely owing to the change in its velocity 
and direction, produced by the disturbing forces at the point 
of disturbance, now these latter changes (as we have above 
seen) are completely represented by the momentary change 
in the situation of the upper focus, taken in combination 
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with tho momentary variation in the plane of the orbit anti 
these therefore express the total effect of the disturbing 
forces There is, therefore, no direct and specific action on 
the epoch as an independent variable It is simply left 
to accommodate itself to the altered state of things in the 
mode already indicated 

(731 ) Nevertheless, Bhoulil the effects of perturbation 
by inducing changes on these other elements affect the 
mean longitude of the planet in any other way than can 
be considered as properly taken account of, by the varied 
periodic time due to a change of axis, such effects must be 
regarded as incident on the epoch This is the case with 
a very carious class of perturbations which we are now tc 
consider, and which have their origin in an alteration of 
the average distance at which the disturbed body is found 
at every instant of a complete revolution, distinct from, 
and not brought about by the variation of the major semi 
axis or momentary “ mean distance ’ which is an imaginary 
magnitude, to be carefully distinguished from the avenge 
of the actual distances now contemplated Perturbations of 
this class (like the moon s venation, with which they are 
intimately connected) are independent on the excentncity 
of the disturbed orbit, for which reason we shall simplify 
our treatment of this part of the subject, by supposing that 
orbit to have no permanent excentncity, the upper focus in 
Us successive displacements merely revolving about a mean 
position coincident with the lower We shall also suppose 
M very distant, as in the lunar theory 

(732 ) Referring to what 13 said in arts 706 and 707, and 
to the figures accompanying those articles, and considering 
first the effect of the tangential force, we see that besides 
the effect of that force in changing the length of the axis, 
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and consequently the periodic time, it causes the upper 
focus H to describe, in each revolution of P, a four cusped 
curve, a, d, b , e, about S, all whose intercuspidal arcs arc 
similar and equal This supposes M fixed, and at an in 
variable distance — suppositions which simplify the relations 
of the subject, and (as we shall afterward show) do not 
affect the general nature of the conclusions to be drawn 
In virtue, then, of the excentncily thus given rise to, P 
will be at the perigee of its momentary ellipse at syzygies 
and in its apogee at quadratures Apart, therefore, fiom the 
change arising from the variation of aais, the distance of P 
from S will be less at syzygies, and greater at quadratures, 
than m the original circle Bat the average of all the dis 
tances during a whole revolution will be unaltered, because 
the distances of a, d, b, e from S being equal, and the arcs 
symmetrical, the approach in and about perigee will be 
equal to the recess in and about apogee And, in like 
manner, the effect of the changes going on m the length 
of the axis itself, on the average in question, is ml, 
because the alternate increases and decreases of that 
length balance each other in a complete revolution Thus 
We see that the tangential force ib excluded from all m* 
fiuence in producing the class of perturbations now under 
consideration 

(733 ) It is otherwise with respect to the normal force. 

In virtue of the action of that force the upper focus de 
scnbes, in each revolution of P, the four cusped curve 
(fig art 707), whose intercuspidal arcs are alternately of 
very unequal extent, arising, as we have seen, from the 
longer duration and greater energy of the outward than 
of the inward action of the disturbing force Aftfioagh, 
therefore, in perigee at sy/jgita and in apogee at qundra 
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teres, the apogeal recess is much greater than the pengeal 
approach, inasmuch ns S d greatly exceeds S a On the 
average of a whole revolution, then, the recesses will pre 
ponderate, and the average distance will therefore be 
greater in the disturbed than in the undisturbed orbit 
And it is manifest that this conclusion is quite indepen 
dent of any change id the length of the axis, which the 
normal force has no power to produce 

(734) Bat neither does the normal force operate any 
change of linear velocity m the disturbed body When 
earned out, therefore, by the effect of that force to a 
greater distance from S, the angular velocity of its mo 
tion round S will be diminished and coutranwise when 
brought nearer The average of all the momentary an 
gular motions, therefore, will decrease with the increase 
10 that of the momentary distances, aud id a higher 
ratio, Bince the angular velocity, under an equable de 
Bcnption of areas, 13 inversely as the square of the 
distance, and the disturbing force, being (in the case 
supposed) directed to or from the centre, does not dis 
turb that equable description (art 616) Consequently, on 
the overage of a whole revolution, the angular motion 13 
slower, and therefore the time of completing a revolution, 
and returning to the same longitude, longer than in the 
undisturbed orbit, and that independent of and without any 
reference to the length of the momentary axis, and the 
“periodic time" or “mean motion” dependent thereon 
W e leave to the reader to follow out (as is easy to do) the 
same tram of reasoning m the cases of planetary perturba 
tion, when M is not very remote, and when it is interior to 
the disturbed orbit In the latter case tbe preponderant 
effect changes from a retardation of angular velocity to an 
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acceleration, and the dilatation of the avenge dimensions of 
P’s orbit to a contraction 

(785 ) Tho above is an accurate analysis, according to 
strict d) mimical principles, of an effect which, speaking 
roughly, may be assimilated to an alteration of M’s gnvi 
tstion toward S by tbo mean preponderant amount of the 
outward and inward action of the normal forces constantly 
exerted — nearly as would be the case if the ma=s of the dis* 
turbing body were formed into a ring of uniform thickness, 
concentric with S and of such diameter as to exert an action 
on P everywhere equnl to such mean preponderant force, 
and in the same direction as to inward or outward For it 
is clear that the action of such a nng on P, will be the 
difference of its attractions on the two points P and S, of 
which the latter occupies its centre, the former is exceninc 
Now the attraction of a ring on its centre is manifestly 
equal in all directions, and therefore, estimated m any one 
direction, is zero On the other hand, on a point P out of 
its centre, if within the ring, the resulting attraction will 
always be outward , toward the nearest point of the rmg, or 
directly from the centre * But if P lie without the nng, the 


* As this is a propos tion which tho equil bnom of Saturn’s nng renders not 
merely speculative or illustrative, It will be well to demonstrate it, which may 
be done very simply and without the aid of any calculus Conceive a spherical 
shell and a point within it every line passing through the point and terminal 
Sag botb ways la the shell will of course, be equally inclined to its surface at 
either end being a chord of a spherical surface and therefore symmetrically 
related to all its parts Now conceive a small double cone or pyram d, having 
Its apex at the point, and formed by the conical motion of such a 1 ae round the 
point. Than will the two port ons of the spherical shell which form the bases 
of both the cone3 or pyramids be similar and equally inclined to their axes. 
Therefore their areas will be to each other a3 the equates of their distance from 
the common apex Therefore their attractions on it will be equal because the 
attraction ia as the attracting matter directly, and the square of its distance In* 
veraely Now, these attractions act in opposite directions and therefore conn 
teract each other Therefore the point is in equilibrium between them, and as 
the same is true of every such pair of area3 into which the spherical shell can 
be broken up therefore tho point will be In equilibrium however situated wxffll* 
euch a spherical shell Now take a ring, and treat it similarly, breaking Its 
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resulting force will act always linear d, urging P toward its 
centre Hence it appears that the mean effect of the radial 
force of the ring will be different in its direction, according 
as the orbit of tho disturbing body is exterior or interior 
to that of the disturbed In the former case it will act m 
diminution, in tho latter in augmentation of the central 
gravity 

(736 ) Regarding, still, only the mean effect, as produced 
in a great number of revolutions o! both bodies, it is evi- 
dent that such, an increase of central force will be accom- 
panied with a diminution of penodio time and distance of a 
body revolving with a stated velocity, and vice versd This, 
as we have Bhown, is the first and moBt obvious effect of the 
radial part of the disturbing force, when exactly ana! j zed. 
It alters permanently, and by a certain mean amount the 
distances and times of revolution of all the bodies compos- 
ing the planetary system, from what they would be, did 
each planet circulate about the sun uninfluenced by the at- 
traction of the rest, the angular motion of the interior bodies 
of the system being thus Tendered less, and those of the exte 
nor greater, than on that supposition The latter effect in 
deed, might be at once concluded from this obvious consider 
ation — that all the planets revolving interiorly to any orbit 
may be considered as adding to the general aggregate of the 
attracting matter within, which is not the less efficient for 
being distributed over space, and maintained in a state of 
circulation 

circumference up into pairs of elements the bases of triangles formed by lines 
pass ng ll rough the attracted po nt Here the attract ng etemo ta be ng lines 
not xtr facts are m the ample ratio of the d stances not the d plicate as tl e>/ 
should he to maintain the equil bnum Therefore it w II not be mu attuned 
but the nearest elements w 11 hare the superiority and the go nt will on the 
whole, be urged toward tho nearest part of the ring The same Is true of every 
hnear nog a id la therefore true of an j assemblage of concentric ones forming 
* flat annulus, like the ring of Saturn. 
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(787 ;) Thfa effect, however, is one which we have no 
means of measuring, or even of detecting, otherwise than by 
calculation. For our knowledge of the periods of the plan- 
ets is drawn from observations made on them in their actual 
state, and therefore nndcr the inflncncoof this, which may 
bo regarded as a sort of constant part of tho perturbative 
action. Thoir observed mean motions ore therefore affected 
by tho whole amount of its influence; and wo have no 
means of diatingnishing this by observation from the direct 
effect of tho sun's attraction, with which it is blended. Our 
knowledge, however, of tho masses of the planets assures us 
that it is extremely small, and this, in fact, is all which it 
is at oil important to us to know, in the theory of their 
motions 

(738 ) Tho action of the sun upon the moon, in like man- 
ner, tends, by its mean influence during many successive 
revolutions of both bodies, to increase permanently tha 
moon’s distance and periodic time But this general' aver- 
ogo is not established, either in the case of the moon or 
planets, without a series of subordinate fluctuations, which 
we have purposely neglected to take account of in the above 
Teasomng, and which obviously tend, in the average of a 
great multitude of revolutions, to neutralize each other. In 
tho lunar theory, however, some of these subordinate fluc- 
tuations are very sensible to observation The most con- 
spicuous of these is the moon’s annual equation, so called 
because it consists in an alternate increase and decrease in 
her longitude, corresponding with the earth’s situation in 
its annual orbit, te to its angular distance from the perihe- 
lion, and therefore having a year instead of a month, or 
irhxjcrot part of a month, for its pence? !\j tmcfereftiatf tte 
mode of its production, let us suppose the sun, still holding 
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ixed position in Iongitndo, to approach gradually nearer 
the earth. Then will all its di-tarbmg forces bo grada- 
y increased ta a very high ratio compared with the dimi- 
ition of the distanco (being inversely as its cube; so that 
i effects of every kind are three times greater in respect of 
y change of distance, than they wonld bo by the simple 
w o£ proportionality) Hence, it is obviouB that the focus 
(art 707) in the act of describing each intorcuspidal arc of 
ie carve a, d , b, e , will be continnnlly carried out farther 
id farther from S, and the carve, instead of returning into 
self at the end of each revolntion, will open out into a sort 
! cuspidated spiral, ns in the figure annexed Retracing 
ow the reasoning of art 783 83 adapted to this state of 
lings, it will bo seen that so long as 
ns dilatation goes on, so long will the 
ifference between M’s recess from S in 
pbelio and its approach in penhelio 
which is equal to the difference of 
onsecutive long and short semidiameters of this curve) 
ilso continne to increase, and With it the average of the 
listance3 of M from S in a whole revolution, and con- 
sequently also the time of performing such a revolution 
The reverse process will go on as the sun again recedes 
Thus it appears that, as the sun approaches the earth, the 
mean angular motion of the moon on the average of a whole 
revolntion will diminish, and the duration of each lunation 
will therefore exceed that of the foregoing, and vice versd 
(789 ) The moon’s orbit being supposed circular, the 
sun’s orbitual motion will have no other effect than to keep_ 
the moon longer under the influence of every gradation of 
fne tiisinfbing'iorce, fban would "aave’oeen £ne case bail ‘his 
situation m longitude remained unaltered (art 711) The 
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Bamo effects, therefore, will tnko place, only on an increased 
pcalo id the proportion of the increased time; i e in the pro 
portion of tho synodic to tbo Bidcrcal revolution of the 
moon Observation confirms these results, and assigns to 
the inequality in question a maximum value of between 10* 
and 11', by which the moon is at ono time in advance of, 
and at another behind, its mean place, in consequence of 
this perturbation 

(740 ) To this class of inequalities we must refer one of 
great importance, and extending over an immense period of 
time, known by the name of the secular acceleration of the 
moon’s mean motion It had been observed by Dr Halley, 
on comparing together the records of the most ancient lunar 
eclipses of the Chaldeah astronomers with those of modern 
times, that the period of tho moon’s revolution at present is 
Bonaibly shorter than at thjit remote epoch, and this result 
was confirmed by a further comparison of both sets of obser 
vationB with those of the Arabian astronomers of the eighth 
and ninth centuries It appeared, from these comparisons, 
that the rate at which the moon s mean motion increases is 
about II seconds per century — a quantity small in itself, 
but becoming considerable by its accumulation during a 
succession of ages This remarkable fact, like the great 
equation of Jupiter and Saturn, had been long the subject 
of toilsome investigation to geometers Indeed, so difficult 
did it appear to render any exact account of, that while some 
were on the point of again declaring the theory of gravity 
inadequate to its explanation, others were for rejecting alto 
gether the evidence on which it rested, although quite na 
satisfactory as that on which most historical events are 
credited It was ret fiar dikartas that Laplace trace ascre 
stepped in to rescue physical astronomy from its reproach, 
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by pointing out the real cause of the phenomenon jn qucs 
lion which, when so explained, is one of the most canons 
and instructive in the whole range of our subject— one 
which leads oar speculations further into the past and 
future, and points to longer vistas in the dim perspective 
of changes which our system has undergone and is yet to 
undergo, than any other which observation assisted by 
theory has developed 

(741 ) The year is not an exact number of lunations It 
consists of twelve and a fraction Supposing then the sun 
and moon to set out from conjunction together at the 
twelfth conjunction subsequent the sun will not have re 
turned precisely to the same point of its annual orbit, but 
will fall somewhat short of it and at the thirteenth will 
have overpassed it Hence in twelve lunations the gam of 
longitude duriDg the first half year will be somewhat under 
and in thirteen somewhat over compensated In twenty six 
it will be nearly twice as much overcompensated m thirty 
nine not quite so nearly three times as much, and so on, 
until after a certain number of such multiples of a lunation 
have elapsed, the sun will be found half a revolution in ad 
vance, and m place of receding farther at the expiration of 
the next, it will have begun to approach From this time 
every succeeding cycle will destroy some portion of that 
overcompensation until a complete revolution of the sun m 
excess shall be accomplished Thus arises a subordinate 
or rather supplementary inequality, having for its period as 
many years as is necessary to multiply the deficient are into 
a whole revolution, at the end of which time a much more 
exact compensation will have been operated and so on. 
Thus after a moderate number of years an almost perfect 
compensation will be effected, and if we extend our views 
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to centuries wo may consider it as quite so Such ntleist 
would bo tbo case if tho solar ellipse were invariable But 
that ellipse is kept in a continual but excessively slow state 
of change by the action of tho planets on the earth Its 
axis, it is true, remains unaltered, but its excentricity is, 
and has been since tho earliest ages, diminishing, and this 
diminution will continue, os is explained in art 701 a till 
the excentricity has attained its minimum value, 0 003314, 
after which it will again open out into an ellipse, increvoag 
in excentricity ■'up to 0 077747, and then again decrease 
The time required for these evolutions, though calculable, 
has not been calculated, further than to satisfy us that it is 
not to be reckoned by hundreds or by thousands of years 
It is a period, in short, in which the whole history of as 
tronomy and of the human race occupies but as it were a 
point, during which all its changes are to be regarded as 
uniform Now, it is by this variation in the excentricity of 
the earth’s orbit that the secular acceleration of the moon is 
caused The compensation above Bpoken of (even after the 
lapse of centuries) will now, we see, be only imperfectly 
effected, owing to this slow shifting of one of the essential 
data The steps of restoration are no longer identical with, 
nor equal to, those of change The struggle up bill is not 
maintained on equal terms with the downward tendency 
The ground is all the while alowly gliding beneath the feet 
of the antagonists During the whole time that the earth’s 
excentricity is diminishing, a preponderance is given to the 
reaction over the action, and it is not till that dimmntion 
shall cease, that the tables wtll be turned and the process of 
ultimate restoration will commence Meanwhile, a minute, 
outstanding, and uncompensated effect in favor of accelera 
tion is left at each recurrence, or near recurrence, of the 
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same configurations of the Ban, the moon, and the solar peri 
gee These accumulate, and at length affect the moon’s 
longitude to an extent not to be overlooked 

(742 ) The phenomenon, of which we have now given an 
account, is another and very striking example of the propa 
gation of a periodic change from one part of a system to an 
other The planets, with one exception, have no direct ap 
preciable action ou the lunar motions as referred to the 
earth Their masses are too small, and their distances too 
great, for their difference of action on the moon and earth 
ever to become sensible Yet their effect on the earth’s 
orbit is thus, We see, propagated through the sun to that of 
the moon, and, what is very remarkable, the transmitted 
effect thus indirectly produced on the angle described by 
the moon round the earth is more sensible to observation 
than that directly produced by them on the angle described 
by the earth round the sun 

(743) Referring to the reasoning of art 738, we shall 
perceive that if, owing to any other cause than its elliptic 
motion, the sun s distance from the earth be subject to a 
periodical increase and decrease, that variation will give rise 
to a lunar inequality of equal period analogous to the an 
nnal equation It thus happens that very minute changes 
impressed on the orbit of the earth, by the direct action of 
the planets (provided their periods though not properly 
speaking secular, be of considerable length) may make 
themselves sensible in the lunar motions The longitude 
of that satellite, as observed from the earth, is, in fact, sin 
gularly sensible to this kind of reflected action, which lllus 
trates in a sinking manner the pnnciple of forced vibrations 
laid down m art 6o0 The reason of this will be readily 
apprehended, if we consider that however tnfling the in 
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crenso of her longitude which would nn*c in a single revo 
lution, from n minute and almost infinitesimal increase of 
her mean angular velocity, that increase is not only repeated 
in each subsequent revolution but is reinforced during each 
by a similar fresh accession of angular motion generated m 
its lapse This process goes on «o long ns the angular mo 
tion continues to increase and only begins to be reversed 
when lapso of time, bringing round a contrary action on the 
angular motion, shall have destroyed the excels of velocity 
previously gamed, and begun to opernto a retardation In 
this respect tho advance gained by the moon on her uadis 
turbed place may be assimilated, during it3 increase, to the 
space described from rest under the action of a continually 
accelerating force The velocity gained in each instant is 
not only effective in carrying tho body forward during each 
subsequent instant, but new velocities are every instant 
generated and go on adding their cumulative effects to 
those before produced 

(744 ) The distance of the earth from the sun, Iiho that 
of the moon from the earth, may be affected m its average 
value estimated over long periods embracing many revolu 
tions, in two modes, conformably to the theory above deliv 
ered Jst it may vary by a variation m the length of the 
axis major of its orbit arising from the direct action of some 
tangential disturbing force on its velocity and thereby pro 
ducing a change of mean motion and periodic time m virtue 
of the Keplenan law of periods which declares that the 
periodic times are m the sesquiphcate ratio of the mean dis 
tances Or, 2dly, it may vary by reason of that peculiar 
action on the average of actual distances during a revolu 
tion which arises from variations of excentncity and peri 
helion only, and which produces that aort of change in the 
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mem motion which we have characterized as incident on 
the epoch The change o£ mean motion thus arising, has 
nothing whatever to do with nny variation of the major axis 
It does not depend on the change of distance by the Kep 
lenan law of periods, bat by that of areas The altered 
mean motion is not sub sesqmpheate to the altered axis of 
the ellipse, which id fact does not alter at all, but is sub 
dupheate to the altered average of distances in a revolution, a 
distinction which mast be carefully borne in mind by every 
one who will clearly understand either the subject itself, or 
the force of Newton's explanation of it in the 6th Corollary 
of bis celebrated 66th Proposition In whichever mode, 
however, an alteration in the mean motion is effected, if we 
accommodate the general sense of our language to the spe 
malties of the case, it remains true that every change in the 
mean motion is accompanied with a corresponding change 
in the mean distance 

(745) Now we have seen (art 726) that Venus produces 
in the earth a perturbation m longitude, of so long a period 
(240 years) that it cannot well be regarded without violence 
to ordinary language, otherwise than as an equation of the 
mean motion Of course, therefore, it follows that during 
that half of this long period of time, id which the earth's 
motion is retarded, the distance between the sun and earth 
is on the increase, and vice icrsd Minute as is the equation 
m questiou, and consequent alteration of solar distance, and 
almost inconceivably minute ns is the effect produced on the 
moon’s mean angular velocity in a single lnnation yet the 
gteat number of lunations (1464) during which the effect 
goes on accumulating in one direction, causes the moon at 
the moment when that accumulation has attained its maxi 
mum to he very sensibly m advance of its undisturbed place 
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(viz b) 23’ of longitude), and after 148-i more lunations, as 
much in orrcar Tho calculations bj which this carious 
result has been established, formidable from their length 
and intricacy, are due to the industry, ns the discovery of 
its origin is to the sagacity, of Professor Hansen 

(74G ) The action of Venus, just explained, is indirect, 
being ns it wero a sort of reflection of its influence on the 
earth s orbit But a very remarkable instance of its mfla 
cocc, in actually perturbing tho moon’fl motions by its direct 
attraction, has been pointed out, and the inequality dac to 
it computed by the same eminent geometer ' As the details 
of his processes bnve not jet appeared, we can here only ex 
plain, m general terms, the principle on which tho result m 
question depends, and the nature of the peculiar adjustment 
of the mean angular velocities of the earth and Venus which 
render it effective The disturbing forces of Venus on the 
moon are capable of being represented or expressed (as is 
indeed generally the case with all the forces concerned in 
producing planetary disturbance) by the substitution for 
them of a series of other lorcea, eaoh having a period or 
ejele within which it attains a maximum in one direction, 
decreases to nothing, reverses its action, attains a maximum 
m the opposite direction, again decreases to nothing again 
reverses its action and reattains its former magnitude and 
so on These cycles differ for each particular constituent 
or term, as it is called of the total forces considered as so 
broken up into partial ones and generally speaking, every 
combination which can be formed by subtracting a multiple 
of the mean motion of one of the bodies concerned from a 
multiple of that of the other and, when there are three 
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bodies disturbing one another, every such triple combina 
tioD becomes, under the technical name o( an argument, the 
cj cli cal representative of a force acting in the manner ami 
according to the law described Each of these periodically 
acting forces produces its perturbative effect, according to 
the law of the superposition of small motions, as if the 
others had no existence And if it happen, as in an im 
mense majority of cases it does, that the cycle of any par 
ticular one of these partial forces has no relation to the 
periodic time of the disturbed body, so as to briDg it to the 
same or very nearly the same point of it3 orbit or to any 
situation favorable to any particular form of disturbance 
over and over again when the force is at its maximum that 
force will, in a few revolutions neutralize its own effect 
and nothing bnt fluctuations of brief duration can result 
from its action The contrary will evidently be the case, 
if the cycle of the force coincide so nearly with the cycle 
of the moon b anomalistic revolution, as to bring round the 
maximum of the force acting in one and the same direction 
(whether tangential or normal) either accurately or very 
nearly indeed to some definite point a3 for example, the 
apogee of her orbit Whatever the effect produced by such 
a force on the angular motion of the moon if it be not ex 
actly compensated in one cycle of its action it will go on 
accumulating, being repeated over and over again under 
circumstances very nearly the same for many successive 
revolutions, until at length owing to the want of precise 
accuracy in the adjustment of that cycle to the anomalistic 
period the maximum of the force (in the same phase of its 
action) is brought to coincide with a point in the orbit (as 
the perigee) determinative of an opposite effect and ihns, 
at length a compensation wilL be worked out, in a time 
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however, so much the longer as the difference between the 
cycle of the force and tho moon’s anomalistic period i9 less. 

(747.) Now, in fact, in the case of Venus disturbing the 
moon, there exists a cyclical combination of this kind. Of 
courso the disturbing force of Venus on the moon varies 
with her distanco from the earth, and this distance again 
depends on her configuration with respect to the earth and 
the sun, taking into account the elhpticily of both their orbits 
Among tho combinations winch tako their rise from this 
latter consideration, and which, ns may easily be sup 
posed, arc of great complexity, there is a term (an exceed- 
ingly minute one), whoso argument or cycle is determined 
by subtracting 16 times the mean motion of the earth 
from 18 times that of Venus The difference is so 
very nearly the mean motion of the moon in her anom- 
alistic revolution, that whereas the latter revolution is 
completed in 27 4 13 k 18" 82 3’, the cycle of the force is 
completed in 27 a IS* 7“ 35 6’, differing from the other by 
no more than 10" 66 T, or about one 3625th part of a com- 
plete period of the moon from apogee to apogee. During 
half of this very long interval (that is to say, during about 
136i years), the perturbations produced by a force of this 
character, go on increasing and accumulating, and are de- 
stroyed in another equal interval. Although therefore 
excessively minute in their actual effect on the angular 
motion, this minuteness is compensated by the number of 
repeated acts of accumulation, and by the length of time 
during which they continue to act on the longitude. Ac- 
cordingly M Hansen has found the total amount of fluctua- 
tion to and fro, or the value of the equation of the moon a 
longitude, so arising to be 27 4* It is exceedingly interest- 
ing to observe that the two equations considered in these 
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latter paragraphs, account satisfactorily for the only remain* 
mg material differences between theory and observation in 
the modern history of this hitherto rebellious satellite We 
have not thought it necessary (indeed it would have re 
quired a treatise on the subject) to go into a special account 
of the almost innumerable other lunar inequalities winch 
have been computed and tabulated, and which are neces 
Bary to be taken into account m ever} cotnpulati »n of her 
place from the tables Many of them are of iery much 
larger amount than these "We ought not however, to pass 
unnoticed, that the parallactic inequality, already explume 1 
(art 712), is interesting, as affording a measure of the sun s 
distance For this equation originates, as there shown in 
the fact that the disturbing forces are not precisely alike 
Mi the two halves of the moon’s orbit nearest to and most 
Temote from the sun, all thetr talues being greater in the 
former half As a knowledge of the relative dimensions of 
the solar and lunar orbits enables us to calculate d prion 
the amount of this inequality, so a knowledge of that amount 
deduced by the comparison of a great number of observed 
places of the moon with tables in which every inequality 
but this should be included, would enable us conversely to 
ascertain the ratio of the distances in question Owing 
to the smallness of the inequality, this is not a very accu 
rate mode of obtaining an element of so much importance 
in astronomy as the sua's distance, but were it larger (i e 
were the moon's orbit considerably larger than it actually 
is) this would be, perhaps the most exact method of any 
by which it could be concluded 

(748) The greatest of all the lunar inequalities, pro 
duced by perturbation, is that called the evection It arises 
directly from the variation of the excentncity of her orbit. 
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and from the fluctuation to and fro in the general progress 
of 'the line of apsides, caused bj the different situation of 
the sun, with respect to that line (arts 685, 691). Owing 
to these causes the moon is alternately in advance, and in 
arrear of her elliptic place by about 1° 20 SO'. This eqaa 
tion was known to the ancients, having been discovered by 
Ptolemy, by the comparison of a long senes of observations 
handed down to him from the earliest ages of astronomy. 
The mode in which the effects of these several sources of 
inequality become grouped together under one principal 
argument common to them nil, belongs, for its explanation, 
rather to works specially treating of the lunar theory than 
to a treatise of this kind 

(749 ) Some small perturbations are produced in the lunar 
orbit by the protuberant matter of the earth’s equator Tho 
attraction of a sphere i9 the same as if all its matter were 
condensed into a point m its centre , but that is not the case 
with a spheroid The attraction of such a mass is neither 
exactly directed to its centre, nor does it exactly follow the 
law of the inverse squares of the distances Hence will 
an*e a senes of perturbations, extremely small in amount, 
bat still perceptible in the lunar motions, by which the 
node and the apogee will be affected A more remarkable 
consequence of this cause, however, is a small nutation of 
the lunar orbit, exactly analogous to that which the moon 
causes in the plane of the earth b equator, by its action on 
the same elliptic protuberance And, in general, it may be 
observed, that »n the systems of planets which hate satel- 
lites, the elliptic figure of the primary has a tendency to 
luvjcy* the 5vici9 of the .v>ie)}jtes U> ctxBtxde with jis cgnatof 
*~a tendency which, though small in the ca«c of tlit earth, 
yet in that of Jupiter, whose ellipticity is \ cry considerable, 
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and of Saturn especially, where the ellipticity of the body 
is reinforced by the attraction of the rings, becomes pre 
dominant over every external and internal cause of disturb- 
ance, and produces and maintains an almost exact coinci- 
dence of the planes in question Such, at least, is the case 
with the nearer satellites The more distant are compara 
tively less affected by this cause, the difference of attrao 
tions between a sphere and spheroid diminishing with great 
rapidity as the distance increases Thus, while the orbits 
of all the interior satellites of Saturn lie almost exactly m 
the plane of the nog and equator of the planet, that of the 
external satellite, whose distance from Saturn is between 
sixty and seventy diameters of the planet, is inclined to that 
plane considerably On the other hand, this considerable 
distance, while it permits the satellite to retain its actual 
inclination, prevents (by parity of reasoning) the ring and 
eqnatoT of the planet from being perceptibly disturbed by 
its attraction, or being subjected to any appreciable move- 
ments analogous to our nutation and precession If such 
exist, they must be much slower than those of the earth, 
the mass of this satellite being, as far as can be judged by 
its apparent size, a much smaller fraction of that of Saturn 
than the moon is of the earth, while the solar precession, 
by reason of the immense distance of the sun, must be quite 
imperceptible 

(750 ) The subject of the tides, though rather belonging 
to terrestrial physics than properly to astronomy, is yet so 
directly connected with the theory of the lunar pertnrba 
tions, that we cannot omit some explanatory notice of it, 
especially since many persons find a strange difficulty m 
conceiving the manner m which they are produced That 
the sun, or moon, should by its attraction heap up the waters 
ASTROSOSIT— ' Vot XX— 9 
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of tbo ocean under jt, seems to them very natural That it 
should at tho samo timo heap them up on tbo opposite side 
Becms, on the contrary, palpably absurd The error of this 
class of objectors is of tho same kind with that noticed in 
art 728, and consists in disregarding the attraction of the 
disturbing body on the mass of tho earth, and looking on 
it as wholly offectivo on the superficial water Were the 
earth indeed absolutely fixed, held in its place by an ex 
ternal force, and tho water left free to move, no doubt the 
effect of the disturbing power would be to produce a single 
accumulation vertically under the disturbing body But it 
is not by its whole attraction, but by the difference of »ts 
attractions on the superficial water at both sides, and on the 
central mass, that the waters are raised just as m the theory 
of the moon, the difference of the sun’s attractions on the 
moon and on the earth (regarded a9 movable and as obey 
ing that amount of attraction which is due to its situation) 
gives rise to a relative tendency in the moon to recede from 
the earth in conjunction and opposition, and to approach it 
in quadratures Referring to the figure of art 676, instead 
of supposing A D B E to represent the moon’s orbit, let it 
be supposed to represent a section of the (comparatively) 
thin film of water reposing on the globe of the earth, in 
a great circle the plane of which passes through the dia 
turbing body Jf which we shall suppose to be the moon 
The disturbing force on a particle at P will then (exactly 
as in the lunar theory) be represented in amount and direc 
tion by N S, on the same scale on which S M represents tbe 
moon s whole attraction on a particle situated at S This 
force, applied at P will urge it in tbe direction P X pat&ltef 
to N S and therefore, when compounded with tbe direct 
force of gravity which (neglecting as of no account in this 
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theory the spheroidal form of the earth) urges P toward S, 
will be equivalent to a single force deviating from the 
direction P S toward X. Suppose P T to be the direction 
of this force, which, it is easy to see, will be directed toward 
a point in D S produced , at an extremely small distance 
below S, because of the excessive minuteness of the dis 
turbing force compared to gravity.* Then if this be done 
at every point of the quadrant A D, it will be evident that 
the direction P T of the resultant a 

force will be always that of a "VC 

tangent to the small cuspidated / yy \ 

curve a d at T, to which tangent f * // • \ 

the surface of the ocean at P must \ I 

everywhere be perpendicular, by / 

reason of that law of hydrostatics . J — ■ 

which requires the direction of gravity to be every wnere per- 
pendicular to the surface of a fluid »n equihbrio The form 
of the curve D P A, to which the surface of thfe ocean will 
tend to conform itself, so as to place itself everywhere m 
equihbrio under two acting forces, will be that which always 
has P T for its radius of curvature It will therefore be 
slightly less curved at D, and more so at A, being in fact 
no other than an ellipse, having S for its centre, d a for its 
evolute, and S A, S D for Ua longer and shorter semiaxes 
respectively, so that the whole surface (supposing it covered 
with water) will tend to assume, as its form of equilibrium, 
that of an oblongated ellipsoid, having its longer axis 


* According to Newton's calculation the maximum disturbing force of the 
son ou the water does not exceed oue 25136400th part ol Its gravity That of 
the moon will therefore bo to this fraction as the cube of the sun's distance 
to that ol the moon’s directly, and as the mass ol the sun to that ol the noon 
Inversely, i «. as (400)* id 011364 354936 which reduced to numbers gives 
for the moon’s maximum ol power to disturb the waters about one l256Q0QQth 
ol gravity, or somewhat less than 2} times ibo sun’s 
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dir co tod toward the disturbing body, and its shorter of 
course at right angles to that direction The difference 
of the longer and shorter semiaxes of this ellipsoid due 
to tho moon's attraction would be about 68 inches that of 
the olhpsoid, similarly formed in virtue of the sun, about 
2i times leas, or about 23 inches 

(761 ) Let us suppose the moon only to act, and to have 
no orbitual motion, then if the earth also had no diurnal 
motion, the ellipsoid of equilibrium would be quietly 
formed, and all would be thenceforward tranquil There 
is never time, however, for this spheroid to be fully formed 
Before the waters can take their level, the moon has ad 
vancod m her orbit, both diurnal and monthly (for in this 
theory it will answer the purpose of clearness better, if wo 
suppose tho earth's diurnal motion transferred to the sun 
and moon in the contrary direction) the vertex of the 
spheroid has shifted on the earth's surface, and the ocean 
has to Beek a new bearing The effect is to produce an im 
menBely broad and excessively fiat wave (not a circulating 
current), which follows, or endeavors to follow, the apparent 
motions of the moon, and must, in fact, by the principle of 
forced vibrations, imitate, by equal though not by synchro 
nous periods, all the periodical inequalities of that motion 
When the higher or lower parts of this wave stnke our 
coasts, they experience what we call high and low water 
(752 ) The sun also produces precisely such a wave, 
whose vertex tends to follow the apparent motion of the 
sun m the heavens, and also to imitate its periodic mequal 
jties This solar wave co exists with the lunar — is some 
times superposed on it, sometimes transverse to it, bo a9 
to partly neutralize it, according to the monthly synodical 
configuration of the two luminaries This alternate mutual 
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reinforcement and destruction of the solar and lunar tides 
cause what aro called the spring and neap tides— -the former 
being their sum, the latter their difference Although the 
real amount of either tide is, at present, hardly within 
the reach of exact calculation, yet their proportion at any 
one place is probably not very remote from that of the 
ellipticities which would belong to their respective spho 
roids, could an equilibrium bo attained Now these ellip 
ticities, for the solar and lunar spheroids, are respectively 
about two aad five feet, so that tho average spring tide 
will be to the neap as 7 to 8, or thereabout 

(763 ) Another effect of tho combination of the solar and 
lanar tides is what is called tho priming and lagging of the 
tides If the moon alone existed, and moved in tho plane 
of the equator, the tide day (* e the interval between two 
successive arrivals at the same place of the same vertex of 
tho tide wave) would be tho lunar day (art 148) formed 
by the combination of the moon s sidereal period and that 
of the earth’s diurnal motion Similarly, did tho sun alone 
exist, and move always on the equator, the tide day would 
be the mean solar day The actual tide day, then, or the 
interval of the occurrence of two successive maxima of their 
superposed waves, will vary as the separate waves approach 
to or recede from coincidence, because when the vertices 
of two waves do not coincide, their joint height has its 
maximum at a point intermediate between them This 
variation from uniformity in the lengths of successive tide- 
days is particularly to be remarked about the time of the 
new and full moon 

) Quit* yd y® origin is MutA ^vmAwa tA 

the time of high and low water at any port or harbor from 
the culmination of the luminaries, or of the theoretical 
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maximum of their superposed spheroids, which is called 
the “establishment” of that port If the water were with 
out inertia, and free from obstruction, either owing to the 
friction of the bed of the sea, the narrowness of channels 
along which the wave has to travel before reaching the 
port, their length, etc , the times above distinguished would 
be identical Bat all these causes tend to create a differ 
ence, and to make that difference not alike at all ports 
The observation of the establishments of harbors is a point 
of great maritime importance, nor is it of less consequence, 
theoretically speaking, to a knowledge of the true distribu 
tion of the tide-waves over the globe In making snob 
observations, care must be taken not to confound the time 
of “slack water, ’ when the current caused by the tide ceases 
to flow visibly one way or the other, and that of high or low 
water, when the level of the surface ceases to me or fall 
These are totally distinct phenomena, and depend on cn 
tirely different causes though in land locked places they 
maj sometimes coincide in point of time They are, it is 
feared, too often mistaken ono for the other by practical 
men, a circumstance which, whenever it occurs, must 
produce the greatest confusion in any attempt to reduce 
the system of the tides to distinct and intelligible laws 
(765 ) The declination of the sun and moon maternity 
affects the tides at any particular spot As the vertex of 
the tide wave tends to place itself vertically under the 
luminary which produces it, when this vertical changes its 
point of incidence on the surface, the tide waie must tend 
to shift accordingly, and thus, by monthly and annual 
periods, must tend to increase and diminish alternately the 
principal tides The period of the moon's nodes is the* 
introduced into this subject, her excursions in declination 
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in one part of that period being 29°, and m another only 
17°, on either side the equator 

(756 ) Geometry demonstrates that the efficacy of a lami 
nary m raising tides is inversely proportional to the cube 
of its distance The son and moon, however, by reason of 
the ellipticity of their orbits, are alternately nearer to and 
further from the earth than their mean distances In conse 
quence of this, the efficacy of the sun will fluctuate between 
the extremes 19 and 21, taking 20 for its mean valae, and 
that of the moon between 43 and 69 Taking into account 
this cause of difference, the highest spring tide will be to 
the lowest neap as 59+21 to 43—19 or as 80 to 24, or 10 
to 3 Of all the causes of differences in the height of tides, 
however, local situation is the most influential In some 
places the tide wave rushing up a narrow channel, is sud 
denly raised to an extraordinary height At Annapolis 
for instance in the Bay of Fundy, it is said to rise 120 
feet Even at Bristol the difference of high and low water 
occasionally amounts to 60 feet 

(767 ) It is by means of the perturbations of the planets, 
as ascertained by observation aod compared with theory, 
that we amve at a knowledge of the masses of those planets 
which having no satellites, offer no other hold upon them 
for this purpose Every planet produces an amount of per 
tnrbation m the motions of every other, proportioned to its 
mass and to the degree of advantage or purchase which its 
situation in the system gives it over their movements The 
latter is a subject of exact calculation, the former is un 
known, otherwise than by observation of its effects In the 
determination, however, of the masses of the planets by this 
means theory lends the greatest assistance to observation 
by pointing oat the combinations most favorable for elicit 
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ing this knowledge from the confused mass of superposed 
inequalities which affect every observed place of a planet; 
by pointing out the laws of each inequality in its periodical 
rise and decay, and by showing how every particular in- 
equality depends for its magnitude on the mass producing 
it It is thus that the mass of Jupiter itself (employed by 
Laplace in hiB investigations, and interwoven with all the 
planetary tables) has been ascertained, by observations of 
the derangements produced by it id the motions of the ultra 
zodiacal planets, to have been insufficiently determined, or 
rather considerably mistaken, by relying too much on obser 
vations of its satellites, made long ago by Pound and others, 
with inadequate instrumental means The same conclusion 
has been arrived at, and nearly the same mass obtained, by 
means of the perturbations produced by Jupiter od Encke’s 
comet The error was one of great importance, the mass 
of Jupiter being by far the most influential element in the 
planetary system, after that of the sun It is satisfactory, 
then, to have ascertained, as Mr Airy has done, the cause 
of the error, to have traced it ap to its Bource, in insufficient 
micrometnc measurements of the greatest elongations of the 
satellites, and to have fonnd it disappear when measures, 
taken with more care and with infinitely superior instru- 
ments, are substituted for those before employed 

(768 ) In the same way that the perturbations of the plan- 
ets lead us to a knowledge of their masses, as compared 
with that of the son, bo the perturbations of the satellites of 
Jupiter have led, and those of Saturn s attendants will no 
doubt hereafter lead, to a knowledge of the proportion their 
masses hear to their respective primaries The system of 
Jupiter’s satellites has been elaborately treated by Laplace; 
and it is from bis theory , compared with innumerable obser- 
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vationa of their eclipses, that the masses assigned to them, 
in art 540, have been fixed Few results of theory are 
more surprising than to see these minute atoms weighed in 
the same balance, which we have applied to the ponderous 
mas3 of the bud, which exceeds the least o! them in the 
enormous proportion o! 65000000 to 1 

(759 ) The mass of the moon is concluded, 1st, from the 
proportion of the lunar to the solar tide, as observed at 
various stations, the effects being separated from each other 
by a long Benes of observations of the relative heights of 
spring and neap tides which, we have seen (art 752), depend 
on the proportional influence of the two luminaries 2dly, 
from the phenomenon of nutation, which, being the result 
of the moon’s attraction alone, affords a means of calculat 
ing her mass, independent of any knowledge of the sun’s 
Both methods agree in assigning to our satellite a mass 
about on© seventy fifth that of the earth * 

(760) Not only, however, has a knowledge of the pertur 
hations produced on other bodies of our system enabled ns 
to estimate the mass of a disturbing body already known to 
exist, and to produce disturbance It has done much more, 
and enabled geometers to satisfy themselves of the exist 
ence, and even to indicate the situation of a planet previ 
onsly unknown, with such precision as to lead to its itn 
mediate discovery on the very first occasion of pointing a 
telescope to the place indicated W e have already (art 606) 
had occasion to mention in general terms this great discov 
ery, but its importance, and its connection with the subject 
before us, call for a more specific notice of the circumstances 


• Laplace Kipoa du 8jBt. du Hondo pp 285 300 La tor researches 
baae shown that this la somewhat too largo about ©no 88th being the Taloo 
at present received. 
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attending it When tho regular observation of Uranus, 
consequent on it# discovery in 1781, bad afforded some cer- 
tain knowledge of tho olementa of its orbit, it became possi- 
ble to calculate backward into time past, with a view to 
ascertain whether certain stare of about tho same apparent 
magnitude, observed by Flamsteed, and since reported ns 
rnmine?, might not possibly be this planet. No less than 
six ancient observations of it as a supposed star were thus 
found to have been recorded by that astronomer — one in 
1690, ono in 1712, and four in 1715. On further inquiry, it 
■was also ascertained to have been observed by Bradley in 
1763, by Mayer in 1766, and no less than twelve times by 
Lc Monmer, in 1750, 1764, 1763, 1769, and 1771, all the 
time without the least suspicion of its planetary nature. 
Tho observations, however, so made, being all circumstan- 
tially registered, and made with instruments the best that 
their respective dates admitted, were quite available for cor- 
recting the elements of the orbit, which, ns will be easily 
understood, is done with so much the greater precision the 
larger the arc of the ellipse embraced by the extreme obser- 
vations employed. It was, therefore, reasonably hoped and 
expected, that, by making use of the data thus afforded, 
and duly allowing for the perturbations produced since 
1690, by Saturn, Jupiter, and the inferior planets, elliptic 
elements would be obtained, which, taken in conjunction 
with those perturbations, would represent not only all the 
observations up to the time of executing the calculations, 
but also all future observations, in as satisfactory a manner 
as those of any of the other planets are actually represented. 
This expectation, however, proved delusive. M. Bouvard, 
one of the most expert and laborious calculators of whom 
astronomy has had to boast, and to whose zeal and indefati- 
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gable industry we owe the tables of Jupiter and Saturn in 
actual use, having undertaken the task of constructing sirai 
lar tables for Uranus, found it impossible to reconcile the 
ancient observations above mentioned with thoso made from 
1781 to 1820, bo as to represent both senes by means of 
the same ellipse and the samo system of perturbations 
He therefore rejected altogether the ancient series, and 
grounded his computations Bolely on the modorn, although 
evidently not without serious misgivings as to the grounds 
of such a proceeding, and "leaving it to future timo to de- 
termine whether the difficulty of reconciling the two senes 
arose from inaccuracy in the older observations, or whether 
it depend on some extraneous and unpcrceivcd influence 
which may have acted on the planet ” 

(761 ) But neither did the tables so calculated continue 
to represent, with due precision, observations subsequently 
made The "error of the tables" after attaining a certain 
amount, by which the true longitude of Uranus was in ad* 
vance of the computed, and abicb advance was steadily 
maintained from about the year 1795 to 1822, began, about 
the latter epoch, rapidly to diminish, till, in 1830-SI, the 
tabular and observed longitudes agreed But, far from re 
maimng m accordance, the planet, still losing ground, fell, 
and continued to fall behind its calculated place, and that 
with Buch rapidity as to make it evident that the existing 
tables could no longer be received ns representing, with any 
tolerable precision, the true laws of its motion 

(762 ) The reader will easily understand the nature and 
progression of these discordances by casting his eye on 
Jig 1, Plate A, in which the horizontal line or abscissa is 
divided into equal parts, each representing 60° of heliocen- 
tric longitude in the motion of Uranus round the sun, and 
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in which the distances between the horizontal lines repre- 
sent each 100' of error in longitude. The result of each 
year’s observation of Uranus (or of the mean of all the ob- 
servations obtained during that year) in longitude, is repre- 
sented by a black dot placed above or below the point of 
tho aJacjssci, corresponding to the mean of the observed 
longitudes for the year: above, if the observed longitude 
bo in excess of the calculated, below it it fall short of it, 
and on the line if they agree; and at a distance from the 
line corresponding to their difference on the scale above 
mentioned 7 Thus in Flamsteed’s earliest observations in 
1690, the dot so marked iB placed above the line at 65'*0 
above tho line, the observed longitude being so much 
greater than the calculated. 

(763.) If, neglecting the individual points, we draw a 
curve (indicated m the figure by a fine unbroken line) 
through their general course, we shall at once perceive a 
certain regularity in its undulations. It presents two great 
elovations above, and one nearly as great intermediate de- 
pression below the medial line or abscissa And it is evi- 
dent that these undulations would be very much reduced, 
and the errors in consequence greatly palliated, if each dot 
were removed in the vertical direction through n distance 
and in the direction indicated by the corresponding point of 
the curve A, B, G, D, E, F, G, H, intersecting the abscissa 
at points 180° distant, and making equal excursions on 
either side Thus the point a for 1760 being removed 


’ The points are laid down from M Leverder’s comparison of the whole 
aeries of obesrrslmos of Uranus, with so ephemera ol hrs own calculation, 
founded on a complete and searching tension of lha tables of Bouvard, and a 
rigorous computation of the perturbations caused by- all the known planets 
capable of exercising any Influence on it ’ The differences of longitude are 
geocentric, hut for our present purpose it matters not In the least whether we 
consider the errors in heliocentric or in geocentric longitude. 
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upward or in the direction toward b through a distanco 
equal to c 6 would be brought almost to precis© coincidence 
with the point din the abscissa. Now, this is a clear indi- 
cation that a very largo part of the differences in question 
is dne, not to perturbation, but simply to error in the ele- 
ments of Uranus which have been assumed as the basis of 
calculation. For such excesses and defects of longitude al- 
ternating over arcs of 180° are precisely what would arise 
from error in the cxcentncity, or in the place of the peri- 
helion, or in both. In ellipses slightly cxcentnc, the true 
longitude alternately exceeds and falls short of the mean 
during 180* for each deviation, and the greater the excen- 
tncity, the greater these alternate fluctuations to and fro. 
If then the excentricity of a planet's orbit be assumed er- 
roneously (suppose too great) the observed longitudes will 
exhibit a less amount of such fluctuation above and below 
the mean than the computed, and the difference of the two, 
instead of being, as it ought to be, always nil, will be alter- 
nately 4- and — over arcs of 180°. If then a difference be ob- 
served following such a law, it may arrive from erroneously 
assumed 'excentricity, provided always the longitudes at 
which they agree (supposed to differ by ISO*) bo coincident 
with those of the perihelion and aphelion; for in elliptic 
motion nearly circular, these are the points where the mean 
and true longitudes agree, so that any fluctuation of the 
nature observed, if this condition be not satisfied, cannot 
arise from error of excentncity. Now the longitude of tho 
perihelion of Uranus in the elements employed by Boavard 
is (neglecting fractions of a degree) 168°, and of the aphelion 
848°- These points iheo, )s oar figure* Ml at to nnd a re- 
spectively, that is to say, nearly half way between A 0, 
C E, EG, etc. It is evident therefore that it is not to 
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error of excontncity that the fluctuation in question is 
mainly due 

(704 ) Lot us now consider the effect of an erroneous 
assumption of the place of the perihelion Suppose in 
Jig 2, Plato A, o x to represent the longitude of a planet, 
and x y the excess of its true abovo its mean longitude, 
duo to elliptieity Then if R be the place of the perihelion, 
and P, or T, the aphelion in longitude, y will always he w 
a certain undulating curve P Q It S T, above ' P T between 
R and T, and below it between P and R Now suppose the 
place of the perihelion shifted forward to r, or the whole 
curve shifted bodily forward into the situation p q r a t, then 
at the same longitude o x, the excess of the true above the 
mean longitude will bo * y only, in other words, this 
excess will have diminished by the quantify y y' below 
its former amount Take therefore in o N (Jig 8, Plate A) 
o y=o x and y y' always=yy in fig 2, and ha> mg thus con 
structed the curve KLJINO, the ordinate y y will always 
represent the effect of the supposed change of perihelion 
It is evident (the excentncity being always supposed small) 
that thiB curve will consist also of alternate superior and 
inferior waves of 280° each in amplitude, and tbe points L, 

N of its intersection with the axis will occur at longitudes 
corresponding to X, Y intermediate between the maxima 
Q, g and S, s of the original curves, that is to say (if these 
intervals Q q, S s, or R r to which both are equal, be very 
small) very nearly at 90° from the perihelion and aphelion 
Now this agrees with the conditions of the case in hand, 
and we are therefore authorized to conclude that the major 
portion of the errors m question has arisen from error in 
the place of the perihelion of* Uranus itself, and not from 


• The curvea, figs. 3, 3, are inverted in the engraving 




OUTLINES OF ASTRONOMY 


665 


perturbation, and that to correct this portion, the perihelion 
must be shifted somewhat forward As to the amount of 
this shifting, oar only object being explanation, it will not 
be necessary here to inquire into it It will suffice that it 
must be Bucb as shall make the curve ABCDEFG as 
nearly as possible similar, equal, and opposite to the carve 
traced oat by the dots on the other side And this being 
done, we may next proceed to lay down a curve of the 
residual differences between observation and theory in the 
mode indicated in art 768 

(765 ) This bemg done, by laying off at each point of 
the line of longitudes an ordinate equal to the difference 
of the ordinates of the two carves in fig 1 wheh on op 
posite and their sum when on the same aide of the abscissa, 
the result will be as indicated by the dots in fig 4 And 
here it is at once seen that a still further reduction of the 
differences under consideration would result if instead 
of taking the line A B for the line of longitudes a line 
a b slightly inclined to it were substituted in which case 
the whole of the differences between observation and theory 
from 1712 to 1800 would be annihilated or at least so far 
reduced as hardly to exceed the ordinary errors of obserya 
tion and as respects -the observation of 1690 the still out 
standing difference of about 35' would not be more than 
might be attributed to a not very careful observation at bo 
early au epoch Now the assumption of such a new line of 
longitudes as the correct one is in effect equivalent to the 
admission of a slight amount o! error in the periodic time 
and epoch of Uranus, for it is evident that by reckoning 
from the inclined instead of the horizontal line, we m effect 
alter all the apparent outstanding errors by an amount pro- 
portional to the time before or after the date at which the 
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two lines intersect (viz about 1789) As to the direction 
in which this correction should be made, it is obvious by 
inspection of the course of the dots, that if we reckon from 
A B, or any line parallel to it, the observed planet on the 
long run keeps falling more and more behind the calculated 
one, i e its assigned mean angular velocity by the tables 
is too great and must be diminished, or its periodic time 
requires to be increased 

(766 ) Let this increase of period be made, and in corre 
spondence with that change let the longitudes be reckoned 
on a b, and the residual differences from that line instead 
of A B, and we shall have then done all that can be done 
in the way of reducing and palliating these differences, and 
that, with each success, that up to the year 1804 it might 
have been safely asserted that positively no ground what 
over existed for suspecting any disturbing influence But 
with thiB epoch an action appears to have commenced, and 
gone on increasing, producing an acceleration of the motion 
in longitude, in consequence of which Uranus continually 
gains on its elliptic place, and continued to do so till 1822, 
when it ceased to gam, and the excess of longitude was at 
its maximum, after which it began rapidly to lose ground, 
and has continued to do so up to the present time It is 
perfectly clear, then, that in this interval some extraneous 
cause must have come into action which was not so before, 
or not in sufficient power to manifest itself by any marked 
effect, and that that cause must have ceased to act, or rather 
begun to reverse its action, in or about the } ear 1822, the 
reverse action being even more energetic than the direct 

(767 ) Such is the phenomenon in the simplest form wo 
ate nouj able to pte&cut it Of the various. hypotheses 
formed to account for it, during the progress of its develop 
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ment, none seemed to have any degree of rational proba- 
bility bat that of the existence of an extenor, and hitherto 
undiscovered, planet, disturbing, according to the received 
law a of planetary disturbance, the motion of Uranus by its 
attraction, or rather Buperposmg its disturbance on those 
produced by Jupiter and Saturn, the only two of the old 
planets which exercise any sensible disturbing action on 
that planet Accordingly, this was the explanation which 
naturallj, and almost of necessity, suggested itself to those 
conversant with the planetary perturbations who considered 
the subject with any degree of attention The idea, how- 
ever, of setting out from the observed anomalous deviations, 
nnd employing them as data to ascertain the distance and 
situation of the unknown body, or, m other words, to re 
solve the inverse problem of perturbations, * given the dta 
tnrbancea to find the orbit, and place m that orbit of the 
disturbing planet," appears to have occurred only to two 
mathematicians, Mr Adams in England and M Levemer 
m France, with sufficient distinctness and hopefulness of 
success to induce them to attempt its solution Both sue 
needed, and their solutions, arrived at with perfect inde 
pendence, and by each in entire ignorance of the other’s 
attempt, were found to agree m a surprising manner when 
the nature and difficulty of the problem is considered, the 
calculations of M Levemer assigning for the heliocentric 
longitude of the disturbing planet for the 23d September, 
1&16, 326“ O', and those of Mr Adams (brought to the same 
date) 329° 19', differing only 8* 19 , the plane of its orbit 
deviating very slightly, if at all, from that of the ecliptic 
(768) On the day above mentioned— a day forever 
cwmaidsh vs, the. tmU ct VAtwasya-y-— Or dtilt, cat ‘th 
the astronomers of the Royal Observatory at Berlin, re 
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ceived a letter from M Levemer, announcing to him the 
result he had arrived at, and requesting him to loot, for 
the disturbing planet in or near the place assigned by his 
calculation He did so, and on that very night actually 
found it A star of the eighth magmtude was seen by him 
and by M Encke in a situation where no star was marked 
as existing in Dr Bremiker's chart, then recently published 
by the Berlin Academy The next night it was found to 
have moved from its place, and was therefore assuredly 
a planet Subsequent observations and calculations have 
folly demonstrated this planet, to which the name of Hep 
tune has been assigned, to be really that body to whose 
disturbing attraction, according to the Newtonian law of 
gravity, the observed anomalies in the motion of Orancs 
were owing The geocentric longitude determined by Dr 
Gallo from this observation was 325° 63 , which, converted 
into heliocentric, gives 326’ 62, differing 0° 62 from H 
Leverner’s place, 2® 27 irom that of Mr Adams, and only 
47 from a mean of the two calculations 

(769 ) It would be quite beyond the scope of this work, 
and far in advance of the amount of mathematical know I 
edge we have assumed our readers to possess, to attempt 
giving more than a superficial idea of the course followed 
by these geometers in their arduous investigations Suffice 
it to Bay, that it consisted m regarding, as unknown quan 
titles, to be determined, the mass, and all the elements of 
the unknown planet (supposed to revolve in the samo 
plane and the same direction with Uranus), except its 
major Bemvaxis Thts was assumed m the first instance 
(in conformity with “Bode s law, ’ art 605, and certainly 
at the time with a high prtmd facte probability) to be 
double that of Uranus, or 38 364 radii of tbe earth’s orbit 
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"Without toms assumption as to the value oi tins element, 
owing to the peculiar form of the analytical expression of 
the perturbations, the analytical investigation would have 
presented difficulties apparently insuperable But besides 
these, it was also necessary to regard as unknown, or at 
least as liable to corrections of unknown magnitude of the 
same order as the perturbations, all the elements of Uranos 
itself, a circumstance whose necessity will easily be under 
stood, when we consider that the received elements could 
only be regarded as provisional, and must certainly be 
erroneous, the places from which they were obtained being 
affected by at least some portions of the very pertnrba 
tions in question This consideration, though mdispensa 
ble, added vastly both to the complication and the labor 
of the inquiry The axis (and therefore the mean mo 
tion) of the one orbit, then, being known very nearly, and 
that of the other thus hypothetically assumed, it became 
practicable to express in terms, partly algebraic, partly nu 
clerical, the amount of perturbation at any instant, by 
the aid of general expressions delivered by Laplace in hia 
" JJScantque Celeste' and elsewhere These, then, together 
with the corrections due to the altered elements of Uranus 
itself, being applied to the tabular longitudes, furnished, 
when compared with those observed, a senes of equations , 
in which the elements and mass of Neptnne, and the correc 
tions of those of Uranus entered as the unknown quantities , 
and by whose resolution (no slight effort of analytical skill) 
all their values were at length obtained The calculations 
were then repeated, reducing at the same time the value of 
the assumed distance of the new planet, the discordances 
between the given and calculated results indicating it to 
have been assumed too large, when the results were found 
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to agree better, and the solutions to be, in fact, more satis 
factory. Thus, at length, olementa wero arrived at for the 
orbit of tho unknown planet, as below 



trrenirr 

Adam*. 

Epoch of Elements . 

Menn lough la Epoch 

Scmlaxl* Major 

Frccntnelty 

Longitude of Perihelion 

Uw* (tho Sun being 1) 

Jan 1 1847 
318*0 4 

ac me 

0 10781 0 

284° 45 8 
o-oooiorzr 

■ 


The elements of M Lexerrier were obtained from a con 
sideration of tlie observations up to the year 1846, those of 
Mr Adnma, only ns far as 1840 On subsequently taking 
into account, however, those of tho five years up to 1845, 
tho latter was led to conclude that tho semiaxia ought to 
bo still much further diminished, and that a mean distance 
of 88 S3 (being to that of Unions as 1 0 674) would prob 
ably satisfy all tho observations very nearly • 

(770 ) On the actual discovery of tho planet, it was, of 
course, assiduously observed, and it was soon ascertained 
that a mean distance, even less than Mr Adams’s last pro 
aumed value, agreed better with its motion, and no sooner 
were elements obtained from direct observation, sufficiently 
approximate to trace back its path in the heavens for a con 
aiderable interval of time, than it was ascertained to have 
been observed as a star by Lalande on tbe 8th and 10th 
of May 1795, the latter of the two observations, however, 
having been rejected by him as faulty by reason of its non 
agreement with the former (a consequence of the motion 
of the planet in the interval) From these observations 

* In a letter to the Astronomer Royal dated Sept 2 184G — , 1 1! reo weet* 
pro* o s to the optic l discovery ol tho planet 
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combined with those since accumulated, the elements cal 


culated by Prof. Walker, U 

Ppoch of Elements 
Mean loofjltuda »t Fpoch . 
BemUsU VUJor . 

Eioentrieity 

Longitude of the Perihelion 
Atc«ndln$ Nod< 

Inclination . 

Periodic lime 
Ue&a *nnu&l Ifotloa 


S , result as follows* 

Jen. 1. 1847, W pooh Greenwich 
3:r 32'44*'» 

30-0367 
0 00371918 
47* ir C " 50 
ISO* 4* 50" 81 
1* 46* 58" -97 
164 0181 tropics! ;«f 
2* maa 


(771.) The great disagreement between these elements 
and those assigned either by M Levcmcr or Mr Adams 
will not fail to bo remarked, and it will naturally be asked 
how it has como to pass, that elements so widely different 
from the truth should afford anything like a satisfactory 
iwprtawA&VKHi \V>c pWtwb&Mon \u tywatwa, wad that the, 
true situation of the planet in the heavens should have been 
so well, and indeed accurately, pointed out by them As 
to the latter point, any one may satisfy himself by half an 
bour’s calculation that both sets of elements do really place 
the planet, on the day of its discovery, not only in the 
longitudes assigned in art 763, » e extremely near its 
apparent place, but also at a distance from the Sun very 
much more approximately correct than the mean distances 
or semi axes of the respective orbits Thus the radius vector 
of Neptune, calculated from M Leverrier's elements for 
the day in question, instead of 36 1539 (the mean distance) 
comes out almost exactlj S3, and indeed, if vre consider 
that the excentncity assigned by those elements givCB for 
the perihelion distance 32 2834, the longitude assigned to 
the perihelion brings the whole arc of the orbit (more than 
83°), described in the interval from 1806 to 1847 to ho 
within 42” one way or the other of the perihelion, and 
therefore, during the whole of that interval, the hypotheti 
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cal planet would be movmg within limits of distance irom 
the sun.) 32 3 and SS’O The following comparative tables 
of tho relative situations of Uranus, the real and hypo- 
thetical planet, will exhibit more clearly than any length 
ened statement, the near imitation of the motion of the 
former by the latter within that interval The longitudes 
are heliocentric '* 



(772 ) From this comparison it will be seen that Uranus 
arrived at its conjunction with Neptune at or immediately 
before the commencement of 1822, with the calculated 
planet of Leverrier at the beginning of the following j ear 
1825, and with that of Adams about the end of 1824 Both 
the theoretical planets, and especially that of M Levemer, 
therefore, during the whole of the above interval of tune, 
bo far as the directions of their attractive forces on Uranus 
are concerned, would set nearly on it as the true planet mnst 
have done As regards the intensity of the relative dis- 
turbing forces, if we estimate these by the principles of art. 

W Tba calculat ons are carr ed only to tenths of decrees as quite sufficient 
tor the object ia new 
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612 at the epochs ot conjunction, and for the commence 
ment of 1805 and 1845 we find for the respective denomi 
nators of the fractions of the son’s attraction on Uranus 
regarded as unity, which express the total disturbing force, 


N S, in each case, as below 






1805 

Conjunction 

1815 


[ Pe rce # masa 19M0 

275-10 

7508 

32390 

Neptune with ■ 





[ Strut*. jjg. 

20'>44 

5519 

23810 

Levemet a theoretical Planet, maaa 

20837 

6193 

19935 


The masses here assigned to NeptuDe are those respectively 
deduced by Prof Peirce and M Struve from observations 
of the satellite discovered by Mr Lassell, made with the 
large telescopes of Fraunhofer in the observatories of Cam 
bridge, U S , and Pulkova respectively These it will be 
perceived differ very considerably, as might reasonably be 
expected m the results of micrometrical measurements of 
Buch difficulty, and it is not possible at present to say 
to which the preference ought to be given As compared 
with the mass assigned by M Struve an agreement on the 
whole more satisfactory conld not have been looked for 
within the interval immediately m question 

(773 ) Subject then to this uncertainty as to the real 
mass of Neptnne, the theoretical planet of Leverner must 
be considered as representing with quite as much fidelity as 
conld possibly be expected in a research of such exceeding 
delicacy, the particulars of its motion and perturbative ac 
tion dunng the forty years elapsed from 1805 to 1845, an 
interval which (as is obvious from the rapid diminution of 
the forces on either side of the conjunction indicated by the 
numbers here set down) comprises all the most influential 



074 


OUTLINES OF ASTRONOMY 


range of its action. This will, however, be placed in full 
evidence by tho construction of carves representing the nor- 
mal and tangential forces on the principles lnid down (na 
far as the normal constituent is concerned) in art. 717, one 
slight change only being made, which, for the purpose m 
view, conduces greatly to clearness of . conception. The 
force i*s(in the figure of that article) being supposed ap- 
plied at P in tho direction h 8, no here construct the curve 
of the normal force by erecting at P {Jig . C, Plato A) P W 
always perpendicular to the disturbed orbit, A P, nt P, 
measured from P in tho same direction (hat S lies from L, 
and equal in length to L S. P W then will always repre- 
sent both tho direction and magnitude of tho normal force 
acting at P. And in like manner, if wo take always P Z on 
tho tangent to the disturbed orbit at P, equal to N L of the 
former figure, and measured in tho same direction from P 
that L is from N, P Z will represent both in magnitude and 
direction the tangential force acting at P. Thus will be 
traced out the two curious o\als represented in our figure of 
their proper forms and proportions for tho case in question. 
That expressing the normal force is formed of four lobes, 
having a common point in S, viz. SW m XSaSnSi 
S W, and that expressing the tangential, AZc/B e d 
Y A Z, consisting of four mutually intersecting loops, sur- 
rounding and touching the disturbed orbit in four points, 

A B c d. The normal force acts outward over all that part 
of the orbit, both in conjunction and opposition, correspond- 
ing to tbe portions of the lobes m, n, exterior to the dis 
turbed orbit, and inward m every other part The figure 
sets in a clear light the great disproportion between the 
energy of this force near the conjunction, and in any other 
configuration of the planets; its exceedingly rapid degrada- 
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tion as P approaches the point of neutrality (who«e situation 
is 35° 6' on either side of the conjunction, an arc described 
synodieally by Uranus in 16* 72), and the comparatively 
short duration and consequent incfFicacy to produco any 
great amount of perturbation, of the more intense part of 
its inward action in the small portions of the orbit corro 
Bpondmg to the lobes a, b, in which the line representing 
the inward force exceeds the radius of the circle It ex 
hibits, too, with no less distinctness, the gradual develop 
meat, and rapid degradation and extinction of the tangential 
force from t£a neutral points, e, d, on either side up to the 
conjunction, where its action is reversed, being accelerative 
over the arc d A, and retardative over A c, each of which 
arcs has an amplitude of 71° 20, and ib described by Uranus 
aynodically in 34 T 00 The insignificance of the tangential 
force in the configurations remote from conjunction through 
out the arc c B d is also obviously expressed by the small 
comparative development of the loops e,/ 

(774 ) Let us now consider bow the action of these forces 
results in the production of that peculiar character of per 
turbation which is exhibited m our curve fig 4, Plate A 
It is at once evident that the increase of the longitude from 
1800 to 1822, the cessation of that increase in 1822, and its 
conversion into a decrease during the subsequent interval is 
in complete accordance with the growth, rapid decay, ex 
Unction at conjunction, and subsequent reproduction in a 
reversed sense of the tangential force so that we cannot 
hesitate in attributing the greater part of the perturbation 
expressed by the swell and subsidence of the curve between 
the years 1800 and 1846 — all that part, indeed, which is 
symmetrical on either side of 1822 — to the action of the 
tangential force 
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(775 ) But it will Ik nskr 1 — has then tlic normal forte 
(which, on tho plain shoving of fiy f» is neirh twice as 
powerful ns the tangential, anil which does not rcierse its 
Action, like the latter force, nt the point of conjunction, bat 
on tho contmr\ is them most energetic) no influence tn pro 
(lacing the observed eflccls? Wo answer, aery little, within 
the period to which observation had extended up to 18-15 
Tho effect of the tangential force on the longitude is direct 
and immediate (art, COH) that of the normat indirect, conse 
qucntixl, and cumnlativo with the progress of time (art 734) 
The effect of the tangential force on the mean motion takes 
placo through the medium of tho change it produces on the 
axis, and n transient the reiersed action alter Conjunction 
(supposing tho orbits circular) exactly destroying all tho 
previous effect, and leaving tho mean motion on tho wholo 
unaffected In tho passage through the conjunction, then, 
tho tangential force produces a sudden and powerful accel 
oration, succeeded by an equally powerful and equally bucI 
den retardation, which done, its action is completed, and no 
trace remains in the subsequent motion of the planet that it 
ever existed, for its action on the perihelion mid excentncity 
is in like manner also nullified by its reversal of direction 
But with tho normal force tho case is far otherwise Its im 
mediate effect on the angular motion is mf It is not till it 
has acted long enough to produce a percejitiblo change in 
the distance of the disturbed planet from the sun that the 
angular velocity begins to be sensibly affected, and it is not 
till its whole outward action has been exerted (i e over the 
whole interval from neutral point to neutral point) that its 
maximum effect in lifting the disturbed planet away from 
the aun has been produced, and the full amount of diminu 
tion in angular velocity it is capable of causing has been de 
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veloped. This continues to act in producing a retardation 
in longitude long alter the normal force itself has reversed 
its action, and from a powerful outward force has become n 
feeble inward one A certain portion of this perturbation is 
incident on the epoch in the mode described in art. 781 et 
teq , and permanently disturbs the mean motion from what 
it would have been, bad Neptune no existence The rest of 
its effect is compensated in a single sj nodic rei olntion, not 
by the reversal of tho action of tho force (for that reversed 
action is far too feeble for this purpose), but by the effect of 
the permanent alteration produced in the oxcentncity, which 
(the axis being unchanged) compensates by increased prox- 
unity in one part of the revolution, for increased distance 
in the other Sufficient time has not yet elapsed since tho 
conjunction to bring out into full evidence the influence of 
this force Still its commencement is quite unequivocally 
marked in the more rapid descent of our curve fiy 4, sub' 
sequent to the conjunction than ascent previous to that 
epoch, which indicates the commencement of a senes of 
undulations in its future course of an elliptic character , con- 
sequent on the altered excentncity and penhelion (the total 
and ultimate effect of this constituent of tho disturbing 
Joree) which will be maintained till within about 20 years 
from the next conjunction, with the exception, perhaps, of 
some trifling inequalities about the time of the opposition, 
similar in character, but far inferior in magnitude to those 
now under discussion 

(770 ) Posterity will hardly credit that, with a full knowl- 
edge of all the circumstances attending this great discovery 
• — of the calculations of Leverner and Adams — of the com 
mumcation of its predicted place to Dr Galle — and of tho 
new planet being actually found by him m that place, in the 
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remarkable manner above commemorated j not only have 
doubts been expressed as to tho validity of the calculations 
of thoso geometers, and tho legitimacy of their conclusions, 
but these doubts have been corriod so far as to lead the ob- 
jectors to attribute the acknowledged fact of a planet previ- 
ously unknown occupying that precise place in the heavens 
at that precise time, to sheer accident 1 M What share acci- 
dent may have |iad m the successful issue of the calcula- 
tions, we presume tho reader, after wbat has been said, will 
have little difficulty in satisfying himself. As regards the 
time when tho discovery was made, much has also been at- 
tributed to fortunate coincidence. The following considera- 
tions will, we apprehend, completely dissipate this idea, if 
still lingering in the mind of any one at all conversant with 
the subject. The penod of Uranus being 84 0140 yearn, and 
that of Neptune 164*6181, their eynodto revolution (art. 418), 
or the interval between two successive conjunctions, is 


11 These doubts seem to have originated partly in the great disagreement 
between the predicted and real elements of Neptune, partly m the near {possibly 
precise) commensurability of the mean motions of Neptune and TJranus We 
conceive them honrer er to be founded la a total misconception of the nature of 
the problem, which waa not, from such obviously uncertain Indications as tho 
observed discordances could give, to determine aa astronomical quantities the 
axis, excen tricity and mass of the disturbing planet, but practically to discover 
where to look for it, when, if once found these elements would be far better 
ascertained. To do this, any arts, exceati tcity, perihelion and mass, however 
wide of the truth, which would represent, even roughly, the amount, but with 
IoUj able correctness the direction of the disturbing force during the very moder 
ate interval when the departures from theory were really considerable, would 
equally serve their purposes, and with an excen tncity, mass and perihelion 
disposable, it Is obvious that any assumption of the axis between the limits 30 
and 38 nay, even with a much wider inferior limit, would serve the purpose 
In his attempt to assign an inferior limit to the axis, and in the value so aa 
signed, M Leverner, it must be admitted, waa not successful Mr Adams, 
on tho other hand, influenced by no considerations of the kind which appear 
to have weighed with his brother geometer, hxed ultimately (as we have seen) 
before the actual discovery of the planet on an axis not very egregious!/ wrong 
&hU It were to be wished, for the satisfaction of all parties, that some one would 
undertake the problem de novo employing formulas not liable to the passage 
through infinity, which, technically speaking hampers or may be supposed to 
hamper, the continuous application of the usual perturbations! formulas when 
cases of common surabihty occur. 
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171 63 years The late conjunction having taken place 
about the beginning of 1822, that next preceding must 
have happened in 1649, or more than 40 years before the 
first recorded observation of Uranus in 1690, to say nothing 
of its discovery as a planet In 1690, then, it must have 
been effectually out of reach of any perturbative influenco 
worth constdenng, and so it remained dunng the whole m 
ierval from thence to 1800 From that time the effect of 
perturbation began to become sensible, about 1805 promi 
nent, and in 1820 had nearly reached its maximum At this 
epoch an alarm was sounded The maximum was not at 
tamed — the event so important to astronomy, was still in 
progress of development — when the fact (anything rather 
thaD a striking one) was noticed and made matter of com 
plaint But the time for discussing its cause with any pros 
pect of success was not yet come Everything turns upon 
the precise determination of the epoch of the maximum, 
when the perturbing and perturbed planet were in conjunc 
tion, and upon the law of increase and diminution of the per 
tnrbation itself on either side of that point Now it is 
always difficult to assign the time of the occurrence of a 
maxim am by observations liable to errors bearing a ratio 
far from inconsiderable to the whole quantity observed 
Until the lapse of some years from 1822 it would have been 
impossible to have fixed that epoch with any certainty, and 
as respects the law of degradation and total arc of longitude 
over which the sensible perturbations extend we are hardly 
yet arrived at a period when this can be said to be com 
pletely determinable from observation alone In all this 
we see nothing of accident unless it be accidental that an 
event which most have happened between 1781 and 1953, 
actually happened in 1822, and that we live in an age when 
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astronomy has reached that perfection, and its cultivators 
exerctse that vigilance which neither permit such an event, 
nor its scientific importance, to pass unnoticed. The blos- 
som had been watched with interest in its development, and 
the fruit was gathered in the very moment of maturity. 1 ' 

(770 a.) In the foregoing chapters we have enumerated 
and described the several bodies so far as known of which 
our system consists, and have shown how their mutual dis- 
tances from and their motions with respect to each other 
may be determined, and their masses compared with that of 
the central body, and ultimately with that of our own planet 
as a unit of reference; but nothing has been said respecting 
the means by which that unit itself can be brought into 
comparison with the mass, weight or inertia of those por- 
tions of its substance which wo see and handle on its sarfacc. 
This datum — the total weight of tho earth itself — the num- 
ber of times that its entire mass exceeds that of a pound of 
lead or other matter — or in other words (its bulk being ac- 
curately known) its mean density — remains up to this point 
of tho present work undetermined, and is the one thing 
wanting to complete our knowledge of the data of our sys- 
tem anil fully to connect astronomy with ordinary mechan- 
ics Wo shall now therefore proceed to explain the meth- 
ods by which this has been accomplished. 
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(776 5 ) Tho principle which at once Buggests itself to 
every mind is to measuro tho direct attraction, if it be pos 
sible, of some known mass, at Bomc known distance, on 
Borne other VTe say, if it be possible, because whatever 
notion we may form d prxon of the weight of the earth as 
estimated m pounds or tons, it is clearly something cnor 
mou3, and moreover, since it follows from the law of gra\i 
tative attraction’* that tho attractions of spheres of equal 
density on points at their surface are to each other as their 
radii, the attraction of a globe a foot m diameter, of the 
same average density of the earth on a material point at its 
own surface would only amount to tho 41 849 280tli part of 
the weight of such material point and therefore its attrac 
tion on a spherical body, suppose also a foot in diameter 
placed in contact with it, would only amount to one 167, 
897,120th part of the weight of such body Now when we 
have to deal with fractions of such an order of minuteness, 
all ordinary modes of directly measuring forces and weights 
break down, and the utmost resources of invention and art 
must be taxed even to render them perceptible, to say noth 
mg of their precise determination 

(776 c ) The first and most obvious mode of producing a 
magnified result is to augment in as high a ratio as possible, 
the attracting mass, and therefore to substitute some great 
natural mass of the most suitable form which cau be found, 
for an artificial sphere And as the resources afforded by 
the integral calculus furnish the means of calculating the 
attraction of a body of any size and figure of known mate 
rials on a point anywhere situated without it tho idea nata 
rally enough suggested itself to take some large mountain, 
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of ns regular a shape 03 might bo found, for tho attracting 
body, and to measure its attraction, on a principle pointed 
out by Nowton, 1 ' by tho deviation Irom vertically ol a 
plumb lino suspended near it, which will necessarily bo 
drawn aside toward the mountain As the deflection to bo 
expected howe\er, oven m tho case of a very large moun 
tain, 13 still exceedingly rainuto, the working out of this 
idea into practice calls for verj exact and refined astronora 
icnl observations 

(776 d ) In tho first place tho question arises tn hmtne, 
how arc wo to ascertain, at any place, what ts a vertical 
direction? Tho denoted plumb lino, it is obvious, caanot 
give us this information, nor can levels, for tho surface of 
still water is always nt right angles to the single force, what 
ever that may be, which results from a combination of all 
the forces acting on it — in other words, to the direction of 
the denoted plumb lino Here it is that our knowledge 
of tho figure and dimensions of the earth stand us in stead 
We cannot, it is true, remove the mountain so as to find 
where tho plumb line would point, or the level rest in its 
absence, but we can shift our station to the opposite aide, 
and by Bidereal observation ascertain whether the direction 
of the plumb line has varied by more or less than tho 
amount of change due to such a change of station on the 
globe Thus then we proceed — 

Suppose M the mountain, A B a circle of latitude pass 
ing through two stations P Q at its foot (or rather at such 
heights on its slope as shall correspond to the maxima of its 
lateral attraction) at each of which let observations be made 
with a portable zenith sector alternately established at one 
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and the other of the zenith distances of some star passing 
very near the zenith of the mountain (so as to free the obser 
vations from uncertainty of refraction) "Were there no lat 
oral attraction, the plumb lines at both stations would point 
directly to the centre of curvature C of the terrestrial spher 
oid (art 210), and the angle between them, P C Q, would 
be the difference of latitudes of tho stations Now the 
dimensions and elhpticity of the earth as a whole being 
known, this latter difference can be independently deter 
mined by a trigonometrical survey instituted for the pur 



pose, a base being measured and the meridional distance 
P Q ascertained by tnangulation (art 274 el eeq ), which, 
converted into seconds of latitude, gives the difference m 
question, to which, were there no local attraction the ob 
Bervcd difference of zenith distances ought to correspond 
But this will not be the case The mountain will attract 
the plummet both ways inward, into situations PE QR, 
including a greater angle than PCQ and this being the ob 
served angle or apparent difference of zenith distances — sub 
trading from it the difference of latitude so independently 
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ob tamed, the excess will represent the sum of the two devia- 
tions north and south due to the attraction required. The 
mountain has then t<f be surveyed, and modelled, and min- 
eralogical specimens taken from every accessible part of it, 
and their specific gravities determined; and thus, no matter 
with what amount of calculation (for it is no light task), the 
total lateral attraction is computed in units of some definite 
scale; such, for instance, that each unit shall represent tho 
total attraction of a sphere of lib. weight, on a point 1 foot 
distant from its contre. Tho sum of all these units, each 
reduced to a horizontal dtrcction, is the total lateral attrac- 
tion of tho mountain, and is thereforo to tho total vertical 
attraction of the earth as tho tangent of the deviation (taken 
so as to di\ ido the total observed difference in tho ratio of 
tho computed attractions at cither station) is to radius. 

(770 e ) Tho process is laborious and costly— requires 
excellent instruments and tho co-operation of more than one 
practiced observer. It has, however, been put in execution 
on several occasions, viz , 1st, by tho French Academicians, 
Bougucr and f^a Comlamme, who, in tho course of their 
operations in Peru for the measurement of an arc of the 
mendnn (art. 21 tty, instituted observations of the kind alxivo 
described on Chimborazo in 17C3 Their means of observa- 
tion, however, were not such as to afford anr distinct re<ult, 
though a deviation of the plumb-line to the amount of about 
11' appears to have been obtained. 2d, hr Maskelyne, in 
1774, on the mountain Schehalhen tu Scotland, a mountain, 
not indeed of any great magnitude. Wing only about 8003 
feet in altitude, hut welt situated, and otherwise well a lifted 
for the experiment. It was aoccr*«ful. A Joint amount of 
the lat-ral deriutio-* on either aide, of ll'-rt. ww wr!| a*oer. 
tained to Us produced by the local attraction, and the calett- 
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lationa being executed (by Dr. Hutton and subsequently by 
Professor Playfair), a result entitled to some reliance was 
obtained, according to which the mean density of the earth 
comes out 4 718 times that of water at the surface More 
recently, we find a series of observations instituted by Sir 
H James, Superintendent of the Ordnance Survey, on Ar 
thur’a Seat near Edinburgh,'* by which, from a deflexion of 
2' 21 observed on the north and of 2 " 00 on the south side 
of that mountain, a mean density results of 5 316 

(776 f) Observations of the time of oscillation of a pen 
dulum afford (see art 235) a direct measure of the force by 
which the oscillating mass is urged vertically downward 
Hence it follows that if this time be very precisely deter 
mined, both at the summit and at the foot of a mountain or 
elevated tableland, the attraction of the mas3 of such moun 
tain or tableland vertically downward will become known 
For gravity decreasing inversely as the square of the dis 
tance would be enfeebled by the increase of that distance in 
a proportion which can be precisely calculated from the 
known height of the upper station, and therefore, could 
the pendulum be supported m the air at that height, the 
increase of its time of oscillation, under those circumstances, 
would be exactly known by calculation But being sup 
ported on a mountain mass, protruding above the level sur 
face of the terrestrial spheroid, the attraction of that mass 
acts on it in addition to the so diminished force of general 
gravitation, and prevents it from losing on the sea level rate 
bo much a3 it wo aid do were the mountain devoid of attrac 
tive power , Experiments of this nature have been made by 
the Italian astronomers Plana and Carlim on Mont Cems in 
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Savoy, and the resalt, all computations executed, have given 
4 950 for the mean density in question 

(776 g ) Bat it is also possible to descend below, as well 
as to nse above, the general sea level, and to observe the 
pendulum at great depths below that level, as in deep 
mines It was shown by Newton" that the attraction of 
a hollow, spherical, homogeneous shell on a point however 
situate tot dun it, is simply ml, t e that the material point 
so placed is equally attracted by it in all directions Hence 
by descending below the surface, we set ourselves free of 
the attraction of the whole spherical shell exterior to the 
point of observation, and the remaining attraction is the 
same as that of the whole interior mass collected in its 
centre This may, or may not, be less than the attraction 
of the whole earth on a point at its surface It will be less 
if the earth be homogeneous or of the same density through* 
out, for in that case Newton has shown ' that the attractive 
forces of the whole sphere, and of the interior sphere, each 
on a point on its own surface, are to each other os their 
radii But if the internal portions of the earth bo more 
dense than the external (as they must be if the foregoing 
determinations be any approach to truth), it may bo greater 
The experiment has been made, on three several occasions, 
by the present Astronomer Kojal (Mr Airy) On the first 
two in the DoJcootk mine in Cornwall at a depth of 1200 
feet — a clock and pendulum were transported alternately 
to the bottom and the mouth of the shaft On both these 
occasions tbo arrangements were defeated, on tbo first, by 
tbo accidental combustion of tbo packages of instruments 
iq mid air while in the act of raising them from below. 
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attended with their precipitation down the shaft of the 
mine, on the other, by the subsidence of a mass of root, 
“many times the size of Westminster Abbey,” during the 
experiments, deluging the mine with water and forcing a 
premature conclusion The third attempt (m the Harton 
Coal Pit, near South Shields, 1200 feet in depth) proved 
perfectly successful, and the oscillations of the pendulum 
below being compared with those of the clock above, by 
the immediate transmission of the beats of the latter down 
the mine by an electric wire, the great difficulty (that of 
the exact transmission of time) was annihilated The result 
of this experiment was that a pendulum vibrating seconds 
at the mouth of the pit, would gam 1\ sec per day at its 
bottom, and the final result (of which the calculations have 
very recently been published'*) gives 6 565 for the mean 
density of the earth 

(776 h ) The difference between these several results la 
considerable, and even the interval between the last men 
tioned and the highest of the others pretty large it is 
bridged over, however, so to speak, and the interval partly 
filled up, by the results of a totally different class of ex 
periments of a much more cunous and artificial nature, 
which we have now to describe We have already seen 
(art 234) that the force of gravity may be brought directly 
into comparison with other material forces by using as an 
intermedium the elastic power of a spring What is true 
of gravitation to the whole mass of the earth is equally so 
of gravitation toward any material mass, as a leaden ball 
It may be measured by equilibrating it with the tension of 
a spring, provided, 1 st, that we can frame a spring so deh 
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cate as to be visibly and measurably affected by so minute 
a force, 2dly, that the force can be so applied aa to bo the 
only force tending to bend the spriog, a condition which 
implies that it shall act on it, not vertically, but horizon 
tally, so as to eliminate the weight of the spring, or at least 
present its being mixed np with the result, and, Sdly, that 
we shall possess some independent means of measuring the 
elastic power of the spring itself All these conditions are 
satisfied by the balance of torsion, devised by Mlchell with 
a view to this inquiry, and applied, after his death, to the 
intended purpose by Cavendish, in the celebrated expen 
ment usually cited as “the Cavendish Experiment ” J * 

(776 t) The apparatus consists essentially of a long 
wooden rod made so as to unite great strength with little 
weight, carrying at its extremities two equal balls A, B, 



and suspended in a horizontal situation by a wire no thicker 
than necessary securely to sustain the weight, from a point 
over its centre of gravity, the wire being arranged as in the 
figure bo as to relieve the rod of the weight of the balls its 

'• Ph 1 Trane 1798 469 CiiTeod sh expressly states that U ebell a In 
TMrt on of ft s beautiful ostrtiment sad his coanranitartipn ol it to t'lm was 
antecedent to the publication of Coulomb s researches 
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office being solely to keep them apart at a given horizontal 
distance It 13 evident that when suspended from C, and 
allowed to take its position of equilibrium undisturbed by 
any external force, the rod will assume such a situation 
that the wire 0 D shall be quite devoid of torsion, bnt that 
if the Tod A B be disturbed from this neutral position, C D 
remaining vertical, the elastic force of the wire called into 
action by the torsion so induced will tend to hnng it hack 
10 the point of departure by a force proportional to the 
angle or torsion When so disturbed then, and abandoned 
to itself, it will oscillate backward and forward in horizontal 
arcs, the oscillations being all performed in equal times, 
and from the tune observed to be occupied in each oscilla 
tion, the weights of the balls and that of the rod being 
known, wc are able, from dynamical principles, to deter- 
mine the motne force by which the wire acts on the balls, 
or the force of torsion Suppose, now, two heavy leaden 
spheres to be brought laterally, up nearly into contact, the 
one with A, the oilier with B, but on opposite sides of 
them, they will attract A B, and their attractions will con 
spire in twisting the wire the same way, so that the point 
of rest will be changed from the original neutral point to 
one in which the torsion shall just counterbalance the 
attractions By shifting the attracting balls alternately 
to the one and the other sides of A B these will assume 
positions of rest, alternately on opposite sides of the original 
neutral point, and equidistant from it, so that the donation, 
if any, shall thus become doubled in its effect on the read 
mgs off of a scale marked by a pointer at the end of the 
rod, which may be observed through a telescope placed at 
a distance, so that the approach of the observer's person 
may create no disturbance 
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(776 j ) Practically, the observation is not so simple as 
m the above statement The balls can hardly ever be 
brought completely to rest, and -the neutral point has to 
be concluded by noting the extremes of the arc of oscilla 
tion, perpetually diminishing by the resistance of the air 
And when the attracting balls are brought into action, their 
attraction (acting laterally, according to the inverse squares 
of the distances) mixes itself with the force of torsion, to 
produce a compound law of force, under whose influence 
the times, velocities, and arcs have a different relation from 
those due to the torsion alone, and which, when investigated 
rigorously, lead to calculations of great complexity. Fortu- 
nately, the extreme minuteness of the attractive forces dis 
peases with a rigorous solution of this problem, and allows 
of a very simple and ready approximation, quite 'bxact 
enough for the purpose But besides these, a host of drs 
turbing influences, arising from currents of air induced by 
difference of temperature, has to be contended with or 
guarded against, so ns to render the experiment one of great 
difficulty and fall of niceties, the mere enumeration of 
which here, however, would lead us far beyond our limits “ 
(7761 ) The experiment, as conducted by Cavendish, 
afforded ob its final result 5 480 Repeated since, with 
greater precautions, by Professor Reich, C 488 was ob 
tamed, and still more recently, bj the late F Bail), in 
n series of experiments exhibiting an astonishing amount 
of shill and patience in overcoming the almost innumerable 


*» The render Li warned to bo on hla guard «tr= n*t accepting a» correct an 
account of the principle of Ho Caecmfi.h experiment prole**] ng to emanate 
from one vory I ( K ti astronomical authority mod p*»«\l wit! out note or corn 
merit (and therefore so far aanelloned) bjr anoiler hut wlleh Inrolrei a total 
mUooacnpt on of lu tme nature ( Arapo Lftiot i« d( Ailr 0 Ko<nia fro-lutt* td 
o»m(»I» di E. Gtjwcel, .Ntpoli, 1811, p. 233) 
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obstacles to complete success, 5'660*, a result undoubtedly 
preferable to the two former. Thus the final result of the 
whole inquiry will stand as below, the densities concluded 
being arranged in order of magnitude: 


Schehatlien experiment, by Maskelyne, calculated by Playfair, D — 4-713 
Carlin) from pendulum od Mount Cents (corrode d by GwJJo) 4 350 
Col James from attraction of Arthur'* Beat . . 6 316 

Reich, repetition of Cavendiah experiment ... . 6 438 

Cavendish, result 5 480, corrected by Mr Baily’a recomputation 5 448 
Baily’a repetition of Cavendish experiment . . 6 660 

Airy from pendulum m Harton coal pit 0 665 

General mean . . 6 441” 

Mean of greatest and least 6 630 


(776 l.) Calculating on 51 as a result sufficiently approxi- 
mative and convenient for memory, taking the mean diam- 
eter of the earth, considered as a sphere, at 7912 41 miles, 
and*the weight of a cubic foot of water at 62 3211 lbs.; we 
find for its solid content in cubic miles, 269,373 millions, 
and for its weight in tons of 2240 lbs. avoird each, 6612 
trillions (=5642x10") 


” Newton, by one of hi* astonishing divinations, had already expressed his 
opinion that the mean density of the earth would bo found lo bo between five 
and Btx tunes that of water (Prmc. hi 10 ) 
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PART III 

OF SIDEREAL ASTRONOMY 

CHAPTER XV 

Of the Fixed Stare — Their Classification by Magnitudes — Photometric Scale 
of Magnitudes — Conventional or Vulgar Scale — Photometric Compan 
boh of Stare— Distribution of Stars over the Heavens — Of the Milky 
Way or Galaxy— Its Supposed Form that of a Flat Stratum Partially 
Subdivided— Its Visible Course among the Constellations — Its Internal 
Structure— Its Apparently Indefinite Extent in Certain Directions— Of 
the Distance of the Fixed Stare — Their Annual Parallax— Parallactic 
Unit of Sidereal Distance— Effect of Parallax Analogous to that of 
Aberration — How Distinguished from it — Detection of Parallax by 
Mend onal Observations — Henderson's Application to « Centaun — 
By Differential Observations— Discoveries of Bessel and Strove — 
List of Stars in which Parallax has been Detected — Of the Real 
Magnitudes of the Stars — Comparison of their Lights with that of 
the Sun 

(777 ) Besides the bodies we have described in the fore- 
going chapters, the heavens present us with an innumerable 
multitude of other objects, which are called generally by the 
name of stars Though comprehending individuals differ 
mg from each other, not merely m brightness, but in many 
other essential points, they all agree in ODe attribute— a 
high degree of permanence as to apparent relative situation 
This has procured them tbe title of “fixed stars an ex 
pression which is 50 be understood in a comparative and not 
an absolute sense, it being certain that many, and probable 
that all, are in a state of motion, although too slow to bo 
perceptible unless by means of very delicate observations, 
continued during a long senes of years 

(778 ) Astronomers are in the habit of distinguishing the 
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stars into olasses, according to their apparent brightness 
These are termed magnitudes The brightest stars are said 
to be o£ the firet magnitude, those which fall so far short of 
the first degree of bnghtness as to make a strongly marked 
distinction are classed in the second, and so on down to the 
sixth or seventh, which comprise the smallest stars wsible 
to the naked eye, m the clearest and darkest night Beyond 
these, however, telescopes continue the range of visibility, 
and magnitudes from the 8th down to the 16th are familiar 
to those who are in the practice of nstng powerful mstru 
meats , nor does there seem the least Teason to assign a limit 
to this progression, every increase m the dimensions and 
power of instruments, which successive improvements in 
optical science have attained, having brought into view 
multitudes innumerable of objects invisible before, so that, 
for anything experience has hitherto taught us, the number 
of the stars may be really infinite, in the only sense in which 
we can assign a meaning to the word 

(779 ) This classification into magnitudes, however, it 
must be observed, is entirely arbitrary Of a multitude of 
bright objects, differing probably, intrinsically, both in size 
and in splendor, and arranged at unequal distances from us, 
one must of necessity appear the brightest, one next below 
it, and so on An order of succession (relative, of course, 
to our local situation among them) must exist, and it is a 
matter of absolute mdiScrence, where, in that infinite pro 
gression downward, from the one brightest to the invisible, 
we choose to draw our lines of demarcation All this is 
a matter of pare convention Usage, however, has estab 
Itshed such a convention, and though it is impossible to 
determine exactly, or H prton, where one magnitude ends 
and the next begins, and although different observers have 
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differed in their magnitudes, jet, on the whole, astronomers 
have restricted their first magnitude to aboat 23 or 24 prm 
ci pal stars, their second lo 50 or 60 next inferior, their 
third tonbout 200 yot smaller, and so on; tbo numbers in- 
creasing very rapidly as we descend in tho sealo of bright- 
ness, the whole number of stars already registered down to 
tho seventh magnitude, inclusive, amounting to from 12000 
to 16000 

(780 ) As we do not seo the actual disk, of a star, but 
jndgo only of its brightness by the total impression mado 
upon the eye, the apparent “magnitude" of any star will, it 
is evident, depend, 1st, on the star’s distance from os, 2d, 
on the absolute magnitude of its illuminated surface, 8d, on 
the intrinsic brightness of that surface Now, as we know 
nothing, or next to nothing, of any of these data, and have 
every reason for believing that each of them may differ in 
different individuals, in the proportion of many millions to 
one, it is clear that we are not to expect much satisfaction 
in ony conclusions we may draw from numerical statements 
of the number of individuals which have been arranged in 
our artificial classes antecedent to any general or definite 
principle of arrangement In fact, astronomers have not 
yet agreed upon any principle by which the magnitudes 
may be photometrically classed d prion , whether for ex- 
ample a scale of brightnesses decreasing in geometrical pro 
gression should be adopted, each term being one half of the 
preceding, or one third, or any other ratio, or whether it 
would not be preferable to adopt a scale decreasing as the 
squares of the terms of a harmonic progression, t e accord 
mg to the senes 1, i, J, etc The former would be a 
purely photometric scale, and would have the apparent ad 
vantage that the light of a star of any magnitude would hear 
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a fixed proportion to that of the magnitude next nbo\ c it, 
an advantage, however, merely apparent, as it is certain, 
from many optical facts, that the unaided 03 0 forms very 
different judgments of the proportions existing between 
bright lights, and those between feeble ones The latter 
scale involves a physical idea, that of supposing tho scale 
of magnitudes to correspond to the appearance of a first 
magnitude standard star, removed successively to twice, 
three times, eto , its original or standard distance Such a 
scale, which would make the nominal magnitude a sort of 
index to the presumable or average distance, on the supposi 
tion of an equality among the real lights of the stars, would 
facilitate the expression of speculative ideas on the constitu- 
tion of the sidereal heavens On the other hand, it would 
at first sight appear to make too small a difference between 
the lights in the lower magnitudes For example, on this 
principle of nomenclature the light of a star of the seaenth 
magnitude would be thirty six 49ths of that of one of the 
sixth, and of the tenth 81 hundredths of the ninth, while be 
tween the first and the second the proportion would be that 
of four to one So far however from this being really ob 
jectionable, it falls in well with the general tenor of the 
optical fact3 already alluded to inasmuch as the eye (in 
the absence of disturbing causes) does actually discriminate 
with greater precision between the relative intensities of 
feeble lights than of bright ones so that the fraction ff, for 
instance, expresses quite as great a step downward (physio 
logically speaking) from the sixth magnitude, as J does from 
the first As the choice therefore so far as we can see, 
lies between these two scales in drawing the lines of demar 
cation between what may be termed the photometrical mag 
niludes of tho stars, we have no hesitation m adopting, and 
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recommending others to adopt, the latter system in prefer- 
ence to the former. 

(781 ) The conventional magnitudes actually in use 
among astronomers, so far as their usage is consistent with 
itself, conforms*-moreover very much more nearly to this 
than to the geometrical progression It has been shown 1 
by direct photometric measurement of the light of a consid- 
erable number of stars from the first to the fourth magni- 
tude,* that if SI be the number expressing the magnitude of 
a star on the above system, and m the number expressing 
the magnitude of the same star m the loose and irregular 
language at present conventionally or rather provisionally 
adopted, so far as it can be collected from the conflicting 
authorities of different observers, the difference between 
these numbers, or M — m, is the same in all the higher parts 
of the scale, and is less than half a magnitude (0“ 414) 
The standard star assumed as the unit of magnitude in the 
measurements referred to, is the bright southern star <* Cen- 
taun, a star somewhat superior to Arcturus m iustro If 
we take the distance of this star for unity, it follows that 
when removed to the distances 1 414, 2 414, S 414, etc , its 
apparent lustre would equal those of average stars of the 
1st, 2d, 3d, etc , magnitudes, as ordinarily reckoned, 
respectively 

(782 ) The difference of lustre between stare of two con- 
8ecutivo magnitudes is so considerable as to allow of many 
intermediate gradations being perfectly well distinguished. 
Hardly any two stare of the first or of the second magnitude 
would be judged by an eye practiced in such comparisons 


1 See "Res >1u o S Olwmtkns tlia C“F* Oood Hop*.* etc., 

P 371 By (lie Author 
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to be exactly equal in brightness Hence, the necessity, if 
anything like accuracy be aimed at, of subdividing the mag 
mtudes and admitting fractions into our nomenclature of 
brightness When this necessity first began to be felt, a 
simple bisection o! the interval was recognized, and the 
intermediate degree of brightness wns thus designated, viz 
12m 23m and so on At present it is not infrequent to 
find the interval trisected tbos^ 1 m, 1 2 m, 2 1 m, 2 m, etc , 
where the expression 12m denotes a magnitude mtermedi 
ate between the first and second, bat nearer 1 than 2 while 
2 1m designates a magnitude also intermediate, but nearer 
2 than 1 This may suffice for common parlance but as 
this department of astronomy progresses toward exactness, 
a decimal subdivision will of necessity supersede these rude 
forms of expression, and the magnitude will be expressed 
by an integer number followed by a decimal fraction, as, 
for instance, 2 51, which expresses the magnitude of t Qemi 
norum on the vulgar or conventional scale of magnitudes, 
by which we at once perceive that its place is almost ex 
actly half way between the 2d and 3d average magnitudes, 
and that its light is to that of an average first magnitude 
star in that scale (of which a Ononis m its usual or normal 
state’ may be taken as a typical specimen) as 1* (2 51)’, and 
to that of a Centauri as 1* (2 924)’ making its place m the 
photometric scale (so defined) 2 924 Lists of stars northern 
and southern comprehending those of the vulgar first sec 
ond, and third magnitudes with their magnitudes decimally 
expressed in both systems will be found 3t the end of this 
work The light of a alar of the sixth magnitude may bo 
roughly stated as about the hundredth part of one of the 

* In the interval from 183G to 1839 this star underwent cons derable and 
remarkable fluctuations of brightness. 
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first Sin as would make between three and four hundred 
stars of that magnitude 

(783 ) The exact photometncal determination of the com 
parative intensities of light of the stars is attended with 
many and great difficulties, arising partly from their differ 
ences of color, partly from the circumstance that no invari 
able standard of artificial light has yet been discovered, 
partly from the physiological cause above alluded to, by 
which the eye is incapacitated from judging correctly of the 
proportion of two lights, and can only decide (and that with 
not very great precision) as to their equality or inequality, 
and partly from other physiological causes The least ob 
jectionable method hitherto proposed would appear to be 
the lollomng A natural standard of comparison is in the 
first instance selected, brighter than any of the stars, so as 
to allow of being equalized with auy of them by a reduction 
of its light optically effected, and at the same time either 
invariable, or at least only so variable that its changes can 
be exactly calculated and reduced to numerical estimation 
Such a standard is offered by the planet Jupiter, which, 
being much brighter than any star, subject to no phases, and 
variable in light only by the variation of its distance from 
the sun, and which moreover comes in succession above the 
horizon at a convenient altitude simultaneously with all 
the fixed stars and m the absence of the moon, twilight, 
and other disturbing causes (which fatally affect all obser* 
vations of this nature) combines all the requisite conditions. 
X,et ua suppose, now, that Jupiter being at A and the star 
to be compared with it at B, a glass prism C is eo placed 
that the light of the planet deflected by total internal reficc 
tion at its base, shall emerge parallel to B E, the direction of 
the star s visual ray After reflection, let it be received on 
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a lens D, in whoso focus F it will form A small bright star 
like imago capable of being viewed by on eyo placed atE, 
so far out of the axis of the cone of diverging rays as to 
admit of seeing at the same time, and with the same eje, 
and so comparing, this image with the star seen directly. 



By bringing the eye nearer to or further from the focus F, 
the apparent brightness of the focal point will be varied in 
the inverse ratio of the square of the distance E F, and 
therefore may be equalized, as well as the eye can judge of 
such equalities, with the star If this be done for two stare 
several times alternately, and a mean of the results taken, 
by measuring E F, their relative brightness will be obtained, 
that of Jupiter, the temporary standard of comparison, being 
altogether eliminated from the result 

(784 ) A moderate number of well selected stars being 
thus photometrically determined by repeated and careful 
measurements, so as to afford an ascertained and graduated 
scale of brightness among the stars themselves, the inter- 
mediate steps or grades of magnitude may be filled up, by 
inserting between them, according to the judgment of the 
eye, other stars, forming an ascending or descending 
sequence, each member of such a sequence being brighter 
than that below, and less bright than that above it, and 
thus at length, a scale of numerical magnitudes will be 
Astros our — Yol S3 — 11 
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oomo established, complete In all its members, from Sirius, 
tho brightest of the stars, down to the least visiblo magni- 
tude.* It were much to be wished that this branch of as- 
tronomy, which at present can hardly bo said to bo advanced 
beyond its infancy, were persevcringly and systematically 
cultivated. It is by no means a*subject of mere barren 
curiosity, ns will abundantly appear when we come to 
speak of tho phenomena of varmblo Btare; and being more- 
over one in which amateurs of the Bcionce may easily chalk 
out for themselves a useful and available path, may natu- 
rally bo expected to receive largo and interesting accessions 
at their hands 

(785 ) If the comparison of the apparent magnitudes of 
the stars with their numbers leads to no immediately obvious 
conclusion, it is otherwise when we view them in connection 
with their local distribution over the heavens If indeed 
wo confine outscWcs to tho three or four brightest classes, 
we Bhall find them distributed with a considerable approach 
to impartiality over the sphere: a marked preference how- 
ever being observable, especially in the southern hemi- 
sphere, to a zone or belt, following the direction of a great 
circle passing through t Ononis and a Crucis But if we 
take m the whole amount visible to the naked eye, we shall 
perceive a greit increase of number as we approach the 
borders of the Milky Way. And when we come to tele- 
scopic magnitudes, we find them crowded beyond imagina- 


* For tho method of combining and treating such sequences, where accunsu 
luted io considerable numbers so as to eliminate from their resotta the Influence 
of erroneous judgment, atmospheric circumstances etc which often giro nee lo 
contradictory arrangement* in the order of stars differing but little in magnitude, 
as well as for an account of a series of photometric comparisons (in which how 
ever Dot Jupiter, but the moon was used »3 an Intermediate standard) see the 
work above cited note on p 353 (Results of Observations, etc ) Prof Hers 
of Munster is so far as we are aware the only observer who has adopted and 
extended the method of sequences there employed. 
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tion, along tho extent of that circle, and of the branches 
which it sends off from it; so that in fact its whole light is 
composed of nothing but stars of every magnitude, from 
Bnch as are visible to the naked eye down to the smallest 
point of light perceptible with the best telescopes. 

(780.) These phenon^na agree with the supposition that 
the stars of our firmament, instead of being scattered in 
all directions indifferently through space, form a stratum 
of which the thickness is small, in comparison with its 
length and breadth; and in which the earth occupies a 
place somewhere about tho middle of its thickness, and 
near the point where it subdivides into two principal 
laminm, inclined at a small angle to each other (art. 802). 
For it is certain that, to an eye so situated, the apparent 

density of the Btars, supposing them pretty equally scat- 
tered through the space they occupy, would be least in a 
direction of the visual ray (as S A), perpendicular to the 
lamina, and greatest m that of its breadth, as S B, S C, S D; 
increasing rapidly in passing from one to the other direction, 
just as we see a slight haze in the atmosphere thickening 
into n decided fog bank near the horizon, by the rapid in* 
crease of the mere length of the visual ray. Such is the 
view of the construction of the starry firman ent taken by 
Sir ‘William Herschel, whose powerful telescopes first 
effected a complete analysis of this wonderful zone, and 
demonstrated the fact of its entirely consisting of stars.* 

4 Thomas Wright of Durham (Theory of the Universe, Loudon, 1760} ap* 
pears so early aa 1731 to hare entertained the same general view as to the con- 
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So crowded are they » some parts o! it, that by coanting 
tho stare in a single field of hw telescope, be was led to 
concludo that 60000 had passed under his review in a zone 
two degrees in breadth, during a single hour’s observation 
In that part of tho Milky Way which is situated in lOh 80ra 
It A and between the 147th and 15&th degree of N P D , up 
ward of 6000 stare have been reckoned to exist in a square 
degree Tho immense distances at which the remoter rc 
gions must be situated will sufficiently account for the vast 
predominance of small magnitudes which are observed in it 
(787) Tho courao of tho Milky Way as traced through 
tho heavens by the unaided eye, neglecting occasional 
deviations and following the lino of its greatest brightness 
as well as its varying breadth and intensity will permit, 
conforms as nearly ns tho indefimteness of ita boundary will 
allow it to he fixod, to that of a great circlo inclined at an 
angle of about 83° to the equinoctial, and cutting that circle 
in R A 6h 47m and I8h 47m , so that its northern and 
southern poles respectively aro situated in R A 12h 47m 
N P P 63° and R A Oh 47m N P P 117° Throughout 
the region where it is so remarkably subdivided (art 186) 
this great circle holds an intermediate situation between the 
two great streams with a nearer approximation however to 
the brighter and continuous stream, than to the fainter and 
interrupted one If we trace ite course in order of right 
ascension, we find it traversing the constellation Cassiopeia, 
its brightest part passing about two degrees to the north of 
the star 8 of that constellation, tern about 62° of north 


ahtati/m <jt t£o. UU.kj Way and nUw j firmament founded qu.tfA in tin ruj tU c t 
Just Astronomical speculation on a partial resolat on of * portion of It with a 
ooe-foot reflector fa reflector one foot In focal length) Bee an account of this 
rare work by Mr da Morgan in PhiL Mag Ber 3 xadL p. 241 et ssj 
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declination, or 28* N. P. D. Passing thence between r and 
t Cassiopeia) it sends off a branch to the south-preceding 
side, toward a Persei, very conspicuous as far as that star, 
prolonged faintly toward « of the Bamo constellation, and 
possibly traceable toward the Hyades and Pleiades as re- 
mote outliers. The imftn stream, however (which is hero 
very faint), passes on through Auriga, over tho three re- 
markable stars, *, C, if, of that constellation called tho Hcedi, 
preceding Capella, between the feet of Gemini and the horns 
of the Bull (where it intersects the ecliptio nearly in tho 
Solstitial Colure) and thence over the club of Orion to 
the neck of Monoceros, intersecting the equinoctial in 
R A. 6h 54m. Up to this point, from the offset m Per- 
seus, its light is feeble and indefinite, but thenceforward 
it receives a gradual accession of brightness, and where it 
passes through the shoulder of Monoceros and over tho 
head of Cams Major it presents a broad, moderately bright, 
very uniform, and to tho naked eye, starless stream up to 
the point where it enters the prow of the ship Argo, 
nearly on the southern tropic.* Here it again subdivides 
(about the star m Puppia), sending off a narrow and winding 
branch on the preceding side as far as x Argfis, where it 
terminates abruptly. The mam stream pursues its south- 
ward course to the 123d parallel of N P.D., where it diffuses 
itself broadly and again subdivides, opening ont into a wide 
fan like expanse, nearly 20° in breadth formed of interlacing 
branches, all which terminate abrnptly, in a line drawn 
nearly through X and r Argfls. 

* In reading this description a celestial globe will be a neceaaary companion. 
It may ho thought needless to detail the coarse of the Uilky Way verbally, 
alum U I* marked dawn an. cpJ«tfbii charts. and. globes. But In. thft<gyj^ 
erallty of them, Indeed In all which hare come to onr knowledge, this is done 
bo very looeely and Incorrectly, as by no means to dispense with a verbal 
descripfoo. 
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(788) At this plnco the continuity of the Milk) Way is 
interrupted by a wide gap, and where it recommences on 
the opposite Bide it is by a somewhat similar fan shaped 
assemblage of branches which converge upon the bright 
star rj Argils Thence it crosses tho hindfcct of tho Cen* 
taur, forming a cunons and sharply defined semicircular 
concarity of small radius, and outers the Cross by a very 
bright neck or isthmus of not more than 8 or 4 degrees in 
breadth, being tho narrowest portion of tho Milky Way. 
After this it inimediotely expands into a broad and bright 
mass, inclosing tho stare a and p Cruets, and p Ccntaun, and 
extending almost np to a of tho latter constellation In tho 
midst of this bright mass, surrounded by it on all sides, 
and occupying about half its breadth, occurs a singular 
dark pear shaped vacancy, so conspicuous and remarkable 
as to attract tho notico of the most superficial gazer, and 
to have acquired among the early southern navigators the 
uncouth but expressive appellation of the coal sacl In this 
vacancy which is about 8° in length, and 6° broad, only one 
very small Btar visible to the naked eye occurs, though it 
is far from devoid of telescopio stars, so that its striking 
blackness is simply due to the effect of contrast with the 
brilliant ground with wluoh it is on all sides surrounded 
This is the place of nearest approach of tho Milky Way to 
the South Polo Throughout all this region its brightness 
is very striking, and when compared with that of its more 
northern coarse already traced, conveys strongly the im 
pression of greater proximity, and would almost lead to 
a belief that our situation as spectators is separated on 
all sides by a considerable interval from the dense body 
of stars composing the Galaxy, which in this view of the 
subject would come to be considered as a flat ring or some 
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other re entering form of immense and irregular breadth 
and thickne-3, within which we are eccentrically situated, 
nearer to the southern than to the northern part of its 
circuit 

(789 ) At a Ccntaun, the Milky Way again subdivides,* 
sending off a great branch of nearly halt its breadth, but 
which thins off rapidly, at an anglo of about 20° with its 
general direction, toward the preceding aide, to tj and d 
Lupi, beyond which it loses itself in a narrow and faint 
Btreamlet The main stream passes on increasing m breadth 
to r Norm®, where it makes an abrupt elbow and again sub- 
divides into one principal and continuous stream of very 
irregular breadth and brightness on the following side, and 
a complicated system of interlaced streaks and masses on 
the preceding, which covers the tail of Scorpio, and termi- 
nates in a vast and faint effusion over the whole extensive 
region occupied by the preceding leg of Ophmchus, extend 
jng northward to the parallel of 103° N P D , beyond which 
it cannot be traced, a wide interval of 14°, free from all ap 
pearance of nebulous light, separating it from the great 
branch on the north side of the equinoctial of which it is 
usually represented as a continuation 

(790 ) Returning to the point of separation of this great 
branch from the mam stream, let us now pursue the course 
of the latter Making an abrupt bend to the following side, 
it passes over the stars « Arse, 0 and * Scorpu, and y Tubi to 
y Sagittani, where it suddenly collects into a vivid oval 
mass about 6 a m length and 4° in breadth, so excessively 
nch m stars that a very moderate calculation makes their 
number exceed 100,000 Northward of this mass, this 

* All the maps and globe* plane this eubdirision at fi Oentauri bat erro- 
neously 
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stream crosses tlio ecliptic in longitudo about 270'’, and 
proceeding along the bow of Sagittarius into Antinous has 
its coarse rippled by three deep concavities, separated from 
each other by remarkable protuberances, of which the larger 
and brighter (situated between Flamsteed’s stars S and 0 
Aquilrc) forms the most conspicuous patch m the southern 
portion of the Milky Way visible in our latitudes 

(791 ) Crossing the equinoctial at the 19tU hour of right 
ascension, it noxt runs in an irregular, patchy, and winding 
stream through Aquila, Sagitta and Vulpecula up to Cyg- 
lius, at r of which constellation its continuity is interrupted, 
and a very confused and irregular region commences, 
marked by a broad dark vacuity, not unlike the southern 
“coal sack," occupying the space between c, «, and y Cygm, 
which serves as a kind of centre for the divergence of three 
great streams, one, which we have already traced, a second, 
the continuation of the first (across the interval) from a 
northward, between Lacerta and the head of Cepheus to the 
point in Cassiopeia whence we set out, and a third branch- 
ing off from y Cygm, very vivid and conspicuous, running 
off in a southern direction through fi Cygm, and a Aquil® 
almost to tbo equinoctial, where it loses itself in a region 
thinly sprinkled with stars, where in some maps the modern 
constellation Taurus Pomatovski is placed This is the 
branch which, if continued across the equinoctial, might 
be supposed to unite with the great southern effusion in 
Ophiuchus already noticed (art 789) A considerable off- 
set, or protuberant appendage, is also thrown off by the 
northern stream from the head of Cepheus directly toward 
the pole, occupying the greater part of the quartile formed 
by a, p t, and 9 ot that constellation 

(792) We have been somewhat circumstantial in de* 



scribing the coarse ami principal features of the Via Lac 
tea, not only be ause there does not occur any where (so far 
aa we know) any correct account of it, but clucflj by reason 
of its high interest in sidereal astronomy, and that the reader 
mayperceite bow \ cry difficult it mast necc *«ariiy be to 
form any just conception of the real, solid form, as it exists 
m space, of an object so complicated, and which we see from 
a point of view so unfavorable The difficulty is of the 
same kind which we experience when we Bet ourselves to 
conceive the real shape of an auroral arch or of the clouds, 
but far greater id degree, because we know the laws which 
regulato the formation of the latter, and limit them to cer 
tain conditions of altitude — because their motion presents 
them to us in various aspects, but chiefly because we con 
template them from a station considerably below their gen 
eral plane, so as to allow of our mapping out some kind of 
ground plan of their shape All these aids are wanting 
when we attempt to map and model out the Galaxy, and 
beyond the obvious conclusion that its form must be, gen 
erally speaking fiat and of a thickness small in comparison 
with its area in length and breadth, the laws of perspective 
afford us little further assistance in the inquiry Probabil 
lty may it is true here and there enlighten us as to certain 
features Thus when we see, as in the coal sack a sharply 
defined oval space free from stars, insulated m the midst of 
a uniform band of not much more than twice its breadth it 
would seem much le«s probable that a conical or tubular 
hollow traverses the whole of a starry Btratatn continuously 
extended from the eye outward, than that a distant mass of 
comparatively moderate thickness should be simply perfo 
rated from side to side or that an oval vacuity should be 
seen foreshorteneu m a distant foreshortened area, not really 
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exceeding two or three times its own breadth. Neither can 
we without obvious improbability refuse to admit that the 
long lateral oflsets which at so many places quit the main 
stream ami run out to great distances, aro either planes seen 
edgewise, or the convexities of curved surfaces viewed tan 
gentially, rather than cylindrical or columnar excrescences 
bristling up obliquely from the general level And in the 
same spirit of probable surmise we may account for the in* 
tricate reticulations above described as existing in the region 
of Scorpio, rather by the accidental crossing of streaks thus 
originating, at very different distances, or by a cellular 
structure of the mass, than by real intersections Those 
cirrous clouds which are often seen in windy weather, con* 
vey no inapt impression either of the kind of appearance m 
question, or of the structure it suggests It is to other indi- 
cations, however, and chiefly to the telescopic examination 
of its intimate constitution and to the law of the distribution 
of stars, not only within its bosom, but generally over the 
heavens, that we must look for more definite knowledge 
respecting its true form and extent 

(793 ) It is on observations of this latter class, and not on 
merely speculative or conjectural viewB, that the generali- 
zation in art 786 which refers the phenomena of the starry 
firmament to the system of the Galaxy as their embodying 
fact, is brought to depend The process of “gauging” the 
heavens was devised by Sir W Herschel for this purpose 
It consisted in simply counting the stars of all magnitudes 
which occur iu single fields of view, of 15 m diameter, visi- 
ble through a reflecting telescope of 18 inches aperture, and 
foes} teogtb, noth a jaagsifyiag power of 380° Abe 
points of observation being very numerous and taken India- 
ennunately in every part of the 'Surface of the sphere visible 
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in our latitudes. On a comparison of many hundred each 
“gauges” or local enumerations it appears that the density 
of starlight (or the number of stars existing on an average 
of several such enumerations In any one immediate neigh* 
borhood) is least in the pole of the Galactic circle* and in- 
creases on all sides, with the Galactic polar distance (and 
that nearly equally in all directions) down to the Milky 
"Way itself, where it attains its maximum. The progressive 
rate of increase in proceeding from the pole is at Brat slow, 
but becomes more and more rapid as wo approach the plane 
of that circle according to a law of which the following num- 
bers, deduced by M. Struve from a careful analysis of all 
the gauges in question, will afford a correct idea: 


Oahu: tic 1 North Polar Distance 


0* 

15’ 

30* 

45* 

GO* 

75* 

00’ 


4 IS 

4-ca 
6 51 
10 36 
17 68 
30 30 
. 121 00 


From which it nppeara that the mean density of the stars in 
the galactic circle exceeds m a ratio of very nearly 80 to 1 
that in its polo, and m a proportion of more than 4 to 1 that 
in a direction 16“ inclined to its plane 

(794 ) These numbers fully bear out the statement in 
art 786 and even draw closer the resemblance by which 


that statement is there illustrated For the rapidly increas- 
ing density of a fog-bank as the visual ray is depressed 
toward the plane of the horizon is a consequence not only 


’ From y**+*nt, miUc, meaning the great circle spoken of in art. 787, 
to which the course of the Via Laciea moss nearly conforms Tina circle is to 
sidereal what the invariable ecliptic la to planetary astronomy — a plane of tilt) 
mata -fttcwsm Oifl p<vinA \Jann. <it tk/i s- atom. 

* Etudes d'Aatronomfe Stollaire p 71 M Struve main tains the Galactic 
circle to be a small, cot a great, circle of the sphere. The appeal is to the eye 
sight. I retain my own conviction. 
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of the mere increase in length of the foggy space traversed, 
but also of an actual increase of density in the fog itself in 
its lower strata Now this very conclusion follows from a 
comparison inter ae of the numbers above Bet down, as M. 
Struve has clearly shown from a mathematical analysis of 
the empirical formula, which faithfully represents their law 
of progression, and of which he states the result in the fol 
lowing table, expressing the densities of the stars at the re 
spective distances, 1, 2, 3, etc , from the galactic plane, taking 
the mean density of the stars in that plane itself for unity. 


Distances from the 
OalactJc Place, 

Density of 

B tan. 

Distances from the 
Galactic Place 

Density Of 

Stars 

0 00 

1 00000 

0 50 

0 08648 

0 05 

0 48568 

0 GO 


0 10 

0 33288 

0 70 


0 20 

0 23896 

0 80 


0 30 

0 17980 

0 866 


0 40 

0 13021 


H 1 


The unit of distance, of which the first column of this table 
expresses fractional parts, is the distance at which sach a 
telescope is capable of rendering just visible a star of average 
magnitude, or, as it is termed, its space penetrating power. 
As we ascend therefore from the galactic plane into this 
kind of stellar atmosphere, we perceive that the density of 
its parallel strata decreases with great rapidity At an alti- 
tude above that plane equal to only one twentieth of the 
telescopic limit, it has already diminished to one half, and 
at an altitude of 0 8C6, to hardly more than one two hun- 
dredth of its amount in that plane So far as we can per 
cetve there is no flaw in this reasoning, if only it be granted, 
1st, that the level planes are continuous, and of equal den 
sity throughout, and, 2dly, t/<al an absolute and definite limit 
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ts set to telescopic vision , leyond ichtch, if stars exist, they elude 
our sight, and are to us as if they existed not a postulate 
whose probability the reader will be m a better condition 
to estimate, when in possession of some other particulars 
respecting the constitution of the Galaxy to be described 
presently 

(705 ) A similar course of observation followed out in 
the southern hemisphere leads independently to the same 
conclusion as to the law of the visible distribution of stars 
over the southern galactic hemisphere, or that half of the 
celestial surface which has the south galactio pole for its 
centre A system of gauges, extending over the whole sur 
face of that hemisphere taken with the same telescope field 
of view and magnifying power employed in Sir William 
Herachel s gauges has afioTded the average numbers of 
stars per field of 16 m diameter, within the areas of zones 
encircling that pole at intervals of 16% set down m the fol 
lowing table 


Zones of Oulactlo South 
Fo ar Distance 
0* to 15* 

15 lo 30 
30 to 46 
45 lo 60 
60 to 15 
15 to 90 


Aremgu Number of Stan 
per Field of tsf 
6 05 
6 62 
9 08 
13 49 
2$ 29 
69 08 


(796) These numbers are not directly comparable with 
those of M Struve given in art 793 because the latter cor 
respond to the limiting polar distances while these are the 
averages for the included zones That eminent astronomer, 
however has given a table of the average gauges appropri 
ate to each degree of north galactic polar distance • from 
which it is easy to calculate averages for the whole extent 


* Ewdea d Astronomio SttsUaire p 34 
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of each zone How near a parallel the results of this calcu 
lation for the northern hemisphere exhibit with those above 
stated for the southern will be seen by the following table 


Ecu&Jcf Galactic North 
Polar Dtatanco 

0* to IB* 

16 to 30 
30 to 45 
45 to 60 
60 to IS 
16 to 90 


Average Number of Stars 
per Field of 15 from 
IT Struve a Table 


4 33 
6 42 

5 21 
13 61 
24 09 
53 43 


It would appear from this that, with an almost exactly 
similar law of apparent density in the two hemispheres, the 
southern were somewhat richer in stars than the northern, 
which may, and not improbably does arise, from our situa 
tion not being precisely in the middle of its thickness, but 
somewhat nearer to its northern surface 

(797 ) "When examined with -powerful telescopes, the con 
stitution of this wonderful zone is found to be no less van 
ous than its aspect to the naked eye is irregular In some 
regions the Btars of which it is wholly composed are scat 
tered with remarkable uniformity over immense tracts while 
in others the irregularity of their distribution is quite as 
striking exhibiting a rapid succession of closely clustering 
nch patches separated by comparatively poor intervals, and 
indeed in some instances by spaces absolutely dark and 
completely t oid of any star, e\en of tho smallest telescopio 
magnitude In some places not more than 40 or 60 stars on 
an average occur in a “gauge ' field of 16 , while in others 
a similar average gives a result of 400 or 600 Nor is less 
vanety observable in the character of its different regions 
in respect of the magnitudes of the stars they exhibit and 
the proportional numbers of the larger and smaller magm 
tudes associated together, than m respect of their aggregate 
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numbers In some, for instance, extremely minute stars, 
though never altogether wanting, occur in numbers so 
moderate as to lead us irresistibly to the conclusion that 
m these regions we see fairly through the starry stratum, 
Bmce it is impossible otherwise (supposing their light not 
intercepted) that the numbers of the smaller magnitudes 
should not go on continually increasing ad infinitum In 
such cases moreover the ground of the heavens, as Been 
between the stars, is for the most part perfectly dark, which 
again would not be the case, if innumerable multitudes o! 
stars, too minute to be individually discernible, existed 
beyond In other regions we are presented with the phe 
nomenon of an almost uniform degree of brightness of the 
individual stare, accompanied with a very even distribution 
of them over the ground of the heavens, both the larger 
and smaller magnitudes being strikingly deficient In such 
cases it is equally impossible not to perceive that we are 
looking through a sheet of stars nearly of a size, and of no 
great thickness compared with the distance which separates 
them from us Were it otherwise we Bhould be driven to 
suppose the more distant stars uniformly the larger, so as 
to compensate by their greater intrinsic brightness for their 
greater distance, a supposition contrary to all probability 
In others again, and that not infrequently we are presented 
with a double phenomenon of the same kind, viz a tissue 
os it were of large stars spread over another of very small 
ones, the intermediate magnitudes being wanting The con 
elusion here seems equally evident that in such cases we look 
through two sidereal sheets separated by a starless interval 
(798 ) Throughout by far the larger portion of the extent 
ol the Hilky W ay in "both hemispheres, the general 'black 
ness of the ground of the heavens on which its stare are 
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projected, and th8 absence of that innumerable multitude 
and excessive crowding of the smallest visible magnitudes, 
and of glare produced by the aggregate light of multitudes 
too small to affect the eye singly, which the contrary sup 
position would appear to necessitate, must, we think, he 
considered unequivocal indications that us dimensions t« 
directions where these conditions obtain , are not only not 
infinite, but that the space penetrating power of our tele 
scopes suffices fairly to pierce through and beyond it It 
is but right however to warn our readers that this conclusion 
has been controverted, and that by an authority not lightly 
to be put aside, ou the ground of certain views taken by 
Olbers as to a defect of perfect transparency in the celestial 
spaces, in virtue of which the light of the more distant stars 
is enfeebled more than in proportion to their distance The 
extinction of light thus originating, proceeding in geometn 
cal progression while the distance increases in arithmetical, 
a limit, it is argued, is placed to the space penetrating 
powers of telescopes, far within that which distance alone 
apart from such obscuration would assign It would lead 
us too far aside of the objects of a treatise of this nature 
to enter upon any discussion of the grounds (partly meta 
physical) on which these views rely It must suffice here 
to observe that the objection alluded to, if applicable to 
any, is equally so to every part of the galaxy We are not 
at liberty to argue that at one part of its circumference 
our view is limited by this sort of cosmical veil which ex 
tmguishes the smaller magnitudes, cuts off the nebulous 
light of distant masses, and closes our view m impenetrable 
darkness, while at another we are compelled by the clearest 
evidence telescopes can afford to believe that stir strewn 
vistas he open, exhausting their powers and stretching out 
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beyond their utmost reach, as is proved by that very phe 
nomenon which the existence of such a veil would render 
impossible, viz. infinite increase of number and diminution 
of magnitude, terminating m complete irresolvable nebu 
losity Such is, in effect, the spectacle afforded by a very 
large portion of the Milky Way in that interesting region 
near its point of bifurcation in Scorpio (arts 789, 792) 
where, through the hollows and deep recesses of its com 
plicated structure, we behold what has all the appearance of 
a wide and indefinitely prolonged area strewed over with 
discontinuous masses and clouds of stars which the tel 
escope at length refuses to analyze ** WhatKer other con 
elusions we may draw, this must anyhow Be' regarded as 
the direction of the greatest linear extension of the ground 
plan of the galaxy And it would appear to follow, also, 
as a not less obvious consequence, that in those regions 
where that zone is clearly resolved into stars well separated 
and seen projected on a blacL ground , and where by conse 
quence it is certain if the foregoing views be correct that 
we look out beyond them into space the smallest visible 
stars appear as such, not by reason of excessive distance, 
but of a real inferiority of size or brightness 1 

(799 ) When we speak of the comparative remoteness of 
certain regions of the starry heavens beyond others, and 
of onr own situation m them, the question immediately 

19 It -would be doing great Injustice to the illustrious astronomer of Pulkova 
(whose opinion if we here seem to controvert It is with the utmost possible 
deference and respect) not to mention tb&t at the time of "his writing the re- 
markable esBajr already more than once cited in which the views In quest on 
are delivered he could not have been aware of the important facta alluded to 
in the te*t the work n wh ch they are described be ng then unpubl shed 

11 Professor loom a (Progress of Astronomy 1850 p 141) w th the facta 
adduced before him arrives at a contrary couclus on Astronomers will judge 
ol the valid ty of "bis objections. "Professor Argelander "(Astron "Hachr 99S) 
baa cited me in support of O bets theory in d rect oppos turn to my own op d 
ion here (as 1 should have thought distinctly enough) recorded. 
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arises, what is the distance of the nearest fixed star? What 
is the scale on wbioh our visible firmament is constructed? 
And what proportion do its dimensions bear to those of our 
own immediate system ? To these questions astronomy has 
at length been enabled to afford an answer 

(800 ) The diameter of the earth has served us for the 
base of a tnanglo, in the trigonometrical sari eg of our system 
(art. 274), by which to calculate the distance of the suh, 
but the extreme minuteness of the sun’s parallax (art 857) 
renders the calculation from this “ill conditioned" triangle 
(art 27 5) so delicate, that nothing but the fortunate com 
bi nation of favorable circumstances, afforded by the transits 
of Venus (art 470), could render its results even tolerably 
worthy of reliance But the earth's diameter is too small 
a base for direct tnangulation to the verge even of our own 
system (art 626), and we are, therefore, obliged to substi 
tute the annual parallax tor the diurnal, or, which comes 
to the same thing, to ground our calculation on the relative 
velocities of the earth and planets in their orbits (art 486), 
when we would push our tnangulation to that extent It 
might be naturally enough expected, that by this enlarge 
ment of our base to the vast diameter of the earth s orbit, 
the next Btep in our survey (art 275) would be made at 
a great advantage — that our change of station, from side 
to side of it, would produce a considerable and easily 
measurable amount of annual parallax in the stars, and 
that by its means we should come to a knowledge of their 
distance But after exhausting every refinement of obser 
vation, astronomers wore, up to a very late period, unable 
to come to any positive and coincident conclusion upon this 
head, and the amount of such parallax, even for the nearest 
fixed star examined with the requisite attention, remained 
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mixed up with, and concealed among, the errors incidental 
to all astronomical determinations The nature of these 
errors has been explained in the earlier part of this work, 
and we need not remind the reader of the difficulties 'which 
must necessarily attend the attempt to disentangle an ele- 
ment not exceeding a few tenths of a second or at most 
a whole second from the host of uncertainties entailed on 
the results of observations by tbcm none of them indv 
Yidu&lly perhaps of greater magnitude, bot embarrassing 
by their number and fluctuating amount Nevertheless, 
by successive refinements in instrument making, and by 
constantly progressive approximation to the exact knowl 
edge of the uranographical corrections, that assurance has 
been obtained, even in the earlier years of the present 
century, viz that no star visible in northern latitudes, to 
which attention had been directed, manifested an amount of 
parallax exceeding a single second of arc It is worth while 
to pause for a moment to consider what conclusions would 
follow from the admission of a parallax to this amount 
(801 ) Radius is to the sine of 1' as 206265 to 1 In this 
proportion then at least must the distance of the fixed stars 
Srom the son exceed that of the sun from the earth Again, 
the latter distance, as we have already seen (art 857), ex 
ceeds the earth s radios in the proportion of 23981 to 1 
Taking therefore the earth s radius for unity, a parallax 
of 1' supposes a distance of 4947059760 or nearly five thou 
sand millions of such units and lastly, to descend to ordi 
nary standards, since the earth’s radius may be taken at” 
4000 of onr miles, we find 19788239040000 or about twenty 
billions of miles for our resulting distance 

(802 ) In such numbers the imagination is lost The 
only mode we have of conceiving such intervals at all is 
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mixed op with, and concealed among, the errors incidental 
to all astronomical determinations. The nature ol these 
errors has been explained in the earlier part o! this work, 
nnd we need not remind tho reader ol the difficulties which 
most necessarily attend the attempt to disentangle an ele* 
ment not exceeding ft few tenths of a second or at moat 
a whole second from the host of uncertainties entailed on 
the results of observations by them: none of them indi- 
vidually perhaps of greater magnitude, but embarrassing 
by their number and fluctuating amount. Nevertheless, 
by successive refinements in instrument making, and by 
constantly progressive approximation to the exact knowl- 
edge of the uranograpbical corrections, that assuranco has 
been obtained, oven in the earlier years of the present 
century, viz. that no Btar visible in northern latitudes, to 
which attention bad been directed, manifested an amount of 
parallax exceeding a Bingle second of arc. It is worth while 
to pause for a moment to consider what conclusions would 
follow from the admission of a parallax to this amount 
(801 ) Radius is to the sine of 1' os 206265 to 1. In this 
proportion then at least must the distance of the fixed stars 
from the Bun exceed that of the sun from the earth. Again, 
the latter distance, as we have already seen (art. 857), ex- 
ceeds ^the earth’s radius in the proportion of 23984 to 1. 
Taking therefore the earth’s radius for unity, a parallax 
of 1* supposes a distance of 4947039760 or nearly five thou- 
sand millions of such units and lastly, to descend to ordi- 
nary standards, since the earth’s radius may be taken at' 
4000 of our miles, we find 197882S9040000 or about twenty 
billions of miles for our resulting distance 

(802 ) In such numbers the imagination is lost. The 
only mode we have of conceiving Boch intervals at all is 
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by the time which it would require for light to traverse 
them Light, as we know (art 646), travels at the rate of 
a semidiameter of the earth’s orbit m 8" 13* 3 It would, 
therefore, occupy 206205 times this interval or 3 years and 
83 days to traverse the distance in question Now ns this 
is an inferior limit which it is already ascertained that 
even the brightest and therefore probably the nearest stars 
exceed, what are we to allow for the distance of those 
innumerable stars of the smaller magnitudes which the 
telescope discloses to us! What for the dimensions of 
the galaxy in whose remoter regions, as we have seen, the 
united lustre of myriads of stars is perceptible only in 
powerful telescopes as a feeble nebulous gleam! 

(803 ) The space penetrating power of a telescope or the 
comparative distance to which a given star would require to 
ho removed in order that it may appear of the same bright 
ness in the telescope as before to the naked eye, may be cal- 
culated from the aperture of the telescope compared with that 
of the pupil of the eye, and from its reflecting or transmitting 
power, i e the proportion of the incident light it conveys to 
the observer s eye Thus it has been computed that the 
space penetrating power of each a reflector as that used id 
the star gauges above referred to is expressed by the num 
ber 75 A star then of the sixth magnitude removed to 75 
times its distance would still be perceptible as a star with 
that instrument, and admitting such a star to haie 100th 
part of the light of a standard star of the first magnitude, 
it will follow that such a standard star, if removed to 760 
times its distance, would excito in the eye, when viewed 
through tho gauging telescope, the same impression ns a star 
of the sixth magnitude does to the naked eye Among the 
infinite multitude of such stars in the remoter regions of 
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the galaxy, it is but fair to conclude that innumerable indi- 
vidual equal in intrinsic brightness to those which imme- 
diately surround us must exist. The light of such stars then 
must have occupied upward of 2000 years in travelling over 
the distance which separates them from our own system. 
It follows then that when we observe the places and note 
the appearances of such stars, we are only reading their his- 
tory of two thousand years' anterior date thus wonderfully 
recorded. "We cannot escape this conclusion bat by adopt- 
ing 83 an alternative an intrinsic inferiority of light in all 
the smaller stars of the galaxy. We shall be better able to 
estimate the probability of this alternative when we shall 
have made acquaintance with other sidereal systems whoso 
existence the telescope discloses to us, and whose analogy 
will satisfy us that the view of the snbject here taken is in 
perfect harmony with the general tenor of astronomical facts. 

(801.) Hitherto we have spoken of a parallax of 1' as a 
mere limit below which that of any Btar yet examined as- 
suredly, or at least very probably falls, and it is not without 
a certain convenience to regard this amount of parallax as a 
sort of unit of reference, which, connected in the reader’s 
recollection with a parallactic unit of distance from our sys- 
tem of 20 billions of miles, and with a 3J year’s journey of 
light, may save him the trouble of such calculations, and 
ourselves the necessity of covering our pages with such 
enormous numbers, when speaking of stars whose parallax 
has actually been ascertained with some approach to cer- 
tainty, either by direct meridian observation or by more 
refined and delicate methods These we shall proceed to 
explain, after first pointing out the theoretical peculiarities 
which enable us to separate and disentangle its effects from 
those of the uranographical corrections, and from other 
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causes of error which hemg periodical m their nature add 
greatly to the difficulty of the subject The effects of pre 
cession and proper motion (see art 862) whioh are uniformly 
progressive from year to year, and that of nutation which 
runs throngh its period in nineteen years, it is obvious 
enough, separate themselves at once by these characters 
from that of parallax, and, being known with very great 
precision, and being certainly independent, as regards their 
causes, of any individual peculiarity in the stars affected by 
them, whatever small uncertainty may remain respecting 
the numerical elements which enter into their computation 
(or in mathematical language their coefficients), can give rise 
to no embarrassment With regard to aberration the case is 
materially different This correction affects the place of a 
star by a fluctuation annual in its period, and therefore so 
far, agreeing with parallax It is also very similar in the 
law of its variation at different seasons of the year, parallax 
having for its apex (see arts 843, 844) the apparent place of 
the Bun in the ecliptic, and aberration a point in the same 
great circle 90° behind that place, so that in fact the for 
mulee of calculation (the coefficients excepted) are the same 
for both, substituting only for the sun s longitude in the 
expression for the one, that longitude diminished by 90° 
for the other Moreover, in the absence of absolute certainty 
respecting the nature of the propagation of light, astrono 
mers have hitherto considered it necessary to assume at 
least as a possibility that the velocity of light may be to 
some alight amount dependent on individual peculiarities 
in the body emitting it ** 


>« In the actual state of astronomy and pbotoiogy this necessity can hardly 
bo considered as still existing- and it Is desirable therefore that lie prael co cl 
astronomers of introducing an unknown correction lor the constant of aberration 
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(805 ) If we suppose a hoe drawn from the star to the 
earth at all seasons of the year, it is evident that this lmo 
will sweep over the surface of an exceedingly acute, oblique 
cone, having for its axis the line joining the sun and star, 
and for its base the earth s annual orbit, which, for the 
present purpose, we may suppose circular Tho star will 
therefore appear to describe each year about its mean place 
regarded as fixed, and in virtue of parallax alone, a minute 
ellipse, the section of this cone by the surface of the coles 
tial sphere, perpendicular to the visual ray But there is 
also another way in which the Bame fact may be represented 
The apparent orbit of the star about ita mean place as a cen 
ire, will be precisely that which it would appear to describe, 
if seen from the bud, supposing it really revolved about that 
place in a circle exactly equal to the earth’s annual orbit, in 
a plane parallel to the ecliptic This is evident from tho 
equality and parallelism of the lines and directions con 
cerned Now tho effect of aberration (disregarding tho 
Blight variation of the earth’s velocity in different parts 
of its orbit) is precisely Bimilar in law, and differs only in 
amount, and m its bearing reference to a direction 90° dif 
ferent in longitude Suppose, m order to fix our ideas the 
maximum of parallax to be 1' and that of aberration 20 5', 
and let A B, a b, be two circles imagined to be described 
separately, as above, by the star about its mean place S, m 
virtue of these two causes respectively, y being a line paral 
lei to that of the Line of equinoxes Then if in virtue of 
parallax alone, the star would be found at a in the smaller 
orbit, it would m virtue of aberration alone be found at A, 
in the larger, the angle a S A being a right angle Draw 


Into their • equation* of condition ’ for the determination of parallai should bo 
disused since It actually tends to Introduce error Into the final result 
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ing then A C equal and parallel to S a, and join ing S 0, it 
will in virtue of both simultaneously be found in 0, t.e, in 
the circumference of a circle whose radios is S C, and at a 
point in that circle, in advance of A, the aberrational plaoe, 
by the angle A S C. Now since SA: AO:: 20-5*: 1, we 
find for the angle A S 0 2° 47* 35', and for the length of the 
radios S 0 of the circle representing the compound motion 
20’" 524. The difference (O' -024) between this and S O, the 
radius of the aberration circle, is quite imperceptible, and 
even supposing a quantity so minute to be capable of detec- 



tion by a prolonged senes of observations, it would remain 
a qnestion whether it were produced by parallax or by a 
specific difference of aberration from the general average 
20'-5 in the star itself. It is therefore to the difference of 
2° 48' between the angular situation of the displaced star in 
this hypothetical orbit, i.e. ia the arguments (as they are 
called) of the joint correction (y S C) and that of aberration 
alone (y S A), that we have to look for the resol ntion of the 
prod fern of para/fax. Tie render may eaeiiySgare &r him- 
self the delicacy of an inquiry which turns wholly (oven 
when stopped of all its other difficulties) on the precise de- 
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termination o! a quantity of this nature, and ol such very 
moderate magnitude. 

' (808.) But these other difficulties themselves arc of no 
.trifling order. All astronomical instruments are affected 
by differences of temperature. Not only do the materials 
of which they are composed expand and contract, but the 
‘masonry and solid piers on which they arc erected, nay even 
the very soil ou which these are founded, participate in the 
general change from immmer warmth to winter cold. Hence 
arise slow oscillatory movements of exceedingly minute 
amount, ’which levels and plumb-lines afford but very in* 
. adequate means of detecting, and which being also annual 
in Iheir period (after rejecting whatever is merely casual and 
momentary) mix themselves intimately with the matter of 
our inquiry. Refraction too, besides its casual variations 
from night to night, which a long senes of observations 
would eliminate, depends for its theoretical expression on 
the constitution of the strata of our atmosphere, and the 
law of the distribution of heat and moisture at different ele- 
vations, which cannot bo unaffected by difference of season. 
No wonder then that mere meridional observations should, 
almost up to the present time, have proved insufficient, 
except in one very remarkable instance, to afford unques- 
tionable evidence, and satisfactory quantitative measure- 
ment of the parallax of any fixed star. 

(807.) The instance referred to is that of a Centauri, one 
of the brightest and for many other reasons, one of the most 
remarkable of the southern stars. From a series of obser- 
vations of this star, made at the Royal Observatory of the 
Cape of Good Hope in the years 1832 and 1833, by Professor 
Henderson, with the mural circle of that establishment, a 
parallax to the amount of an entire second was concluded 
Asteosomt— V ol. XX— 12 
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on hiB reduction of the observations in question after his 
return to England Subsequent observations by Mr Mae 
Iear, partly with the same, and partly with a new and far 
more efficiently constructed instrument of the same descrip 
tion made in the years 1839 and 1840, have fully confirmed 
the reality of the parallax indicated by Professor Hender 
son’s observations, though with a Blight diminution in its 
concluded amount, which comes out equal to 0* 9128 or 
about Jiths of a second, bright stars in its immediate neigh 
borhood being unaffected by a similar periodical displacement, 
and thus affording satisfactory proof that the displacement in 
dicated tn the case of the star in question is not merely a result 
of annual variations of temperature As it is impossible at 
present to answer for so minute a quantity as that by which 
this result differs from an exact aecond, we may consider 
the distance of this star as approximately expressed by the 
parallactic unit of distance referred to in art 804 

(808 ) A short time previous to the publication” of this 
important result, the detection of a sensible and measurable 
amount of parallax m the star 61 Oygm of Flamsteed s 
catalogue of Btars was announced by the celebrated astrono 
mer of Komgsberg the late M Bessel ” This is a small 
and inconspicuous star, hardly exceeding the sixth magm 
tu.de, but which had been pointed out for especial observa 
tion by the remarkable circumstance of its being affected by 
a proper motion (see art 862) tea regular and continually 
progressive annual displacement among the surrounding 
stars to the extent of more than 6' per annum a quantity 
so very much exceeding the average of similar minute an 


11 Prof Henderson's paper was read before the Astronomical Society of 
London Jan 3 1839 It bears date Dec. S4 1838 

14 Aatronomlsche Nachrichten JTos 365 366 Dec. 13 1838 
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nual displacement? which many other star* exhibit, as to 
lead to a suspicion of its being actually nearer to our sys- 
tem. It is not a little remarkable that a similar presump- 
tion of proximity exists also in the case of a Centaun, whoso 
unusually large proper motion of nearly 4' per annum is 
Btated by Professor Henderson to have been tbo motive 
which induced him to subject his observations of that star 
to that severe discussion which led to the detection of its 
parallax. M. Bessel’s observations of 61 Cygni were com 
menccd in August, 1837, immediately on the establishment 
at the Khnigsbcrg observatory of a magnificent hcUomctcr, 
the workmanship of the celebrated optician Fraunhofer of 
Munich, an instrument especially fitted for the system of ob- 
servation adopted; which being totally different from that 
of direct meridional observation, more refined in its concep- 
tion, and susceptible of far greater accuracy in its practical 
application, we must now explain. 

(809.) Parallax, proper motion, and specific aberration 
(denoting by the latter phrase that part of the aberration of 
a star’s light which may be supposed to arise from its indi- 
vidual peculiarities, and which we have every reason to be- 
lieve at all events an exceedingly minute fraction of the 
whole) ore the only uranographical corrections which do 
not necessarily affect alike the apparent places of two stars 
eituated in, or very nearly in, the same visual line. Sup 
posing then two stars at an immense distance, the one be- 
hind the other, but otherwise so situated as to appear very 
nearly along the same visual line, they will constitute what 
is called a star optically double, to distinguish it from a star 
physically double, of which more hereafter. Aberration 
(that which is common to all stars), precession, nutation, 
nay, even refraction , and instrumental causes of apparent dts~ 
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placement, will affect them alike, or so very nearly alike (if 
the inmate difference of their apparent places be taken into 
account) as to admit of the difference being neglected, or 
very accurately allowed for, by an easy calculation If 
then, instead of attempting to determine by observation the 
place of the nearer of two very unequal stars (which will 
probably be the Inrgei) by direct observation of its right 
ascension and polar distance, we content ourselves with re 
ferring its place to that of its remoter and smaller com 
panion by differential observation, i e by measuring only 
its difference of situation from the latter , we are at once 
relieved of the necessity of making these corrections, and 
from all uncertainty as to their influence on the result 
And for the very same reason, errors of adjustment (art 
136), of graduation, and a host of instrumental errors, 
which would for this delicate purpose fatally affect the 
absolute determination of either star’s place, are harmless 
when only the difference of their places, each equally 
affected by such causes, is required to be known 

(810 ) Throwing aside therefore the consideration of all 
these errors and corrections, and disregarding for the pres 
ent the minute effect of specific aberration and the uni 
formly progressive effect of proper motion, let us trace the 
effect of the differences of the parallaxes of two stars thus 
juxtaposed, or their apparent relative distance and position 
at various seasons of the year Now the parallax being 
inversely as the distance, the dimensions of the small el 
lipses apparently described (art 805) by each star on the 
concave surface of the heavens by parallactic displacement 
will differ— the nearer star describing the larger ellipse 
But both stars lying very nearly in the same direction from 
the sun, these ellipses wilfbe similar and similarly situated. 
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Suppose S aod 8 to be the positions of tbc two stars as seen 
from tbc san, and lot A B C D, a b c rf, be their parallactic 
ellipses, then, since they will be at all times similarly situ 
ated m these ellipses, when the one star is seen at A, the 
other will be seen at a When the earth has made a quar 
ter of a resolution in its orbit, their apparent places will be 
B b , when another qnarter, C e, and when another, D il 
li, then, we measure carefully, with micrometers adapted 



lor the purpose, their apparent situation with respect to each 
other, at different times of the year, we should percene a 
periodical change, both in the direction of the line joining 
them, and in the distance between their centres For the 
lines A a and C c cannot be parallel, nor the lines B b and 
D d eqnal, unless the ellipses be of equal dimensions, * e 
unless the two stars have the same parallax, or are equidis 
taut from the earth 

(811 ) Now, micrometers, properly mounted, enable us 
to measure very exactly both the distance between two oh 
jects which ean be seen together in the game field of a tele 
scope, and the position of the line joining them with respect 
to the horizon, or the meridian, or any other determinate 
direction in the heavens The double image micrometer, 
and especially the hebometer (arts 200, 201), is peculiarly 
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adapted for this purpose The images of the two stars 
formed side by side, or in the same line prolonged, however 
momentarily displaced by temporary refraction or mstru 
mental tremor, move together , preserving tbeir relative silua 
tion, the judgment of which is no way disturbed by such 
irregular movements The hehometer also, taking m a 
greater range than ordinary micrometers, enables us to 
compare one large star with more than one adjacent small 
one, and to select such of the latter among many near it, na 
shall be most favorably situated for the detection of any 
motion in the large one, not participated in by its neighbors 
(812 ) The star examined by Bessel has two such neigh 
hors, both very minute, and therefore probably very distant, 
most favorably situated, the one («) at a distance of 7 42', 
the other (a ) at 11 46* from the large star, and so situated, 
that their directions from that star make nearly a right angle 
with each other The effect of parallax therefore would 
necessarily cause the two distances S s and S s to vary so 
as to attain their maximum and minimum values alternately 
at three monthly intervals, and this is what was actually ob 
served to take place, the one distance being always most 
rapidly on the increase or decrease when the other was eta 
tionary (the uniform effect of proper motion being under 
stood of course to be always duly accounted for) This al 
ternation, though so small in amount as to indicate, as a 
final result, a parallax, or rather a difference of parallaxes 
between the large and small stars of hardly more than one 
third of a second, was maintained with such regularity as to 
leave no room for reasonable doubt as to its cause, and hav- 
ing been confirmed by the further continuance of these ob 
servations and quite recently by the exact coincidence 
between the result thus obtained, and that deduced by if 
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Peters from observations of the same star at the observatory 
of Pnlkova," is considered on all bands as fully established. 
The parallax of this star finally resulting from Bessel's ob- 
servation is 0**848, bo that its distance from oar system is 
very nearly three parallactic units. (Art. 804.) 

(81S.) The bright star a Lyrm has also near it, at only 43* 
distance (and therefore within the reach of the parallel wire 
or ordinary dooblo image micrometer), a very minute star, 
which has been subjected since 1835 to a severe and assidu- 
ous scrutiny by M. Struve, on the same principle of differ- 
ential observation. lie has thus established the existence 
of a measurable amount of parallax in the large star, less 
indeed than that of 61 Cygm (being only about $ of a sec- 
ond), bnt yet sufficient (such was the delicacy of his meas- 
urements) to justify this excellent observer m announcing 
the result as at least highly probable, on tbo strength of only 
five nights' observation, in 1835 and 1836. This probabil- 
ity, the continuation of the measures to the end of 1838 and 
the corroborative, though not in this caso precisely coinci- 
dent, result of M Peters's investigations have converted 
into a certainty. M Struve has the merit of being the first 
to bring into practical application this method of observa- 
tion, which, though proposed for the purpose, and its great 
advantages pointed out by Sir William Herschel so early as 
1781,” remained long unproductive of any result, owing 
partly to the imperfection of micrometers for the measure- 
ment of distance, and partly to a reason which we shall pres- 
ently have occasion to refer to 


With the great vertical circle by ErteL 

It has been referred even to Galileo But the general explanation of 
Parallax in theSystema Coaoucum, Dial hi p 271 (Leyden edit. 1699) to winch 
the reference applies does not touch any of the peculiar features of the caso, 
or meet arty of tta difficulties. 
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(814.) If the component individuals S, s (Jig. art. 810) be 
(as is often the case) very close to each other, the parallactic 
variation of their angle of position t or the extreme angle in* 
eluded between the lines A o, 0 c, may be very consider- 
able, even for a small amount of difference of parallaxes 
between the large and small stars. For instance, in the case 
of two adjacent stars 15' asunder, and otherwise favorably 
situated for observation, an annual fluctuation to and fro in 
the apparent direction of their line of junction to the extent 
of half a degree (a quantity which could not escape notice in 
the means of numerous and careful measurements) would 
correspond to a difference of parallax of only $ of a second. 
A difference of V between two stars apparently situated at 
5' distance might cause an oscillation in that line to the ex- 
tent of no less than 11°, and if nearer one proportionally 
still greater. This mode of observation has been applied to 
a considerable number of stars by Lord Wrottesley, and 
with such an amount of success, as to make its further 
application desirable. (Phil. Trans. 1851.") 

(815.) The following are some of the pnncipal fixed stars 
to which parallax has been up to the present time more or 
leas probably assigned: 

« Centaur? . . 0 976 (Henderson, corrected by Peters.) 

61 Cygni .... 0349 (Bessel.) 

taiande 21258 . 0 2 60 (KrGger.i 

Oeltzen 17418-6 0 241 (Krfger ) 

• Lyras . . 0 155 (W Strove, corrected by O Struve.) 

Sinus . 0 ISO (Henderson, corrected by Peters.) 

10? Opbiuchi . . 0 16 (Krdger.) 

i Ursaa Majons . 0 139 (Peters ) 

Axcturus 0 127 ditto 

Polans 0 067 ditto 

Capella . • . 0 046 ditto 

” See PliL Trans 1826, p. 266 et teq , and 1827, for a list of stare well 
adapted for such observation, with the times of tho year most favorable —The 
list in Phil. Trans 3826 is Incorrect. 
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Although the extreme minuteness of the last four of these 
results deprives them of much numerical reliance, it is at 
least certain that the parallaxes by no means follow the 
order of magnitudes, and this is further shown by the fact 
that « Cygni, one of M Peters's stare, shows absolutely no 
indications of any measurable parallax whatever 

(816) From the distance of the Btara we are naturally 
led to the consideration of their real magnitudes But here 
a difficulty arises, which, so far as we can judge of what 
optical instruments are capable of effecting, must always 
remain insuperable Telescopes afford ns only negative in 
formation as to the apparent angular diameter of any star. 
The round, well defined, planetary disks which good tel 
escopes show when turned upon any of the brighter stars 
are phenomena of diffraction, dependent, though at present 
somewhat enigmatically, on the mutual interference of the 
rays of light They are consequently, so far as this inquiry 
is concerned, mere optical illusions, and have therefore been 
termed spurious disks The proof of this is that telescopes 
of different apertures and magnifying powers when applied 
for the purpose of measuring their angular diameters, give 
different results, the greater aperture (even with the same 
magnifying power) giving the smaller disk That the true 
disk of even a large and bright star can have but a very 
minute angular measure, appears from the fact that in the 
occultation of such a star by the moon, its extinction is 
absolutely instantaneous , not the smallest trace of gradual 
dimi nation of light being perceptible The apparent or 
spunou3 disk also remains perfectly round and of its full 
size up to the instant of disappearance, which could not 
V& Vufe tst&t -wtatr it a read t fcject wa wan "nert ■removed, 

to the distance expressed by our parallactic unit (art 804), 
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do much better, nor to sparkle as a pageant void of mean 
ing and reality, and bewilder us among vain conjectures 
Useful, it is true, they are to man as points of exact and 
permanent reference, but he must have studied astronomy 
to little purpose, who can suppose man to be the only object 
of his Creator's care, or who does not see m the vast and 
wonderful apparatus around us provision for other races 
of animated beings The planets, as we have seen, derive 
their light from the sun , but that cannot be the case with 
the stars These doubtless, then, are themselves suns, and 
may, perhaps, each in its sphere, be the presiding centre 
round which other planets, or bodies of which we can form 
no conception from any analogy offered by our own system, 
may be circulating 

(820 ) Analogies, however, more than conjectural, are 
not wanting to indicate a correspondence between the dy 
namical laws which prevail in the remote regions of the 
stars and those which govern the motions of our own 
system Wherever we can trace the law of periodicity— the 
regular recurrence of the same phenomena in the same 
times — we are strongly impressed with the idea of rotatory 
or orbitual motion Among the stars are several which, 
though no way distinguishable from others by any apparent 
change of place, nor by any difference of appearance in 
telescopes, yet undergo a more or less regular periodical 
increase and diminution of lustre, involving m one or two 
cases a complete extinction and revival These are called 
periodical stars The longest known and one of the most 
remarkable is the star Omtcron , in the constellation Cetus 
(sometimes called Mira Ceti) which was first noticed as 
variable by Fibncms in 1698 It appears about twelve 
times m eleven years, or more exactly in a period of 
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331 4 8 V 4“ 1G*; rcmnin3 at its greatest bnghtne-3 about a 
fortnight, being then on come occasions equal to a large 
star of the second magnitude; decreases during about three 
mouths, till it becomes completely invisible to the naked 
eye, in which state it remains about fho months: and con 
tinues increasing during the remainder of its period. Sach 
i3 the general course of its phases. It docs not always 
however return to the same degree of brightness, nor in 
crease and diminish by the same gradations, neither arc 
the successive intervals of its maxima equal. From the 
recent observations and inquiries into its history by II. 
Argelander, the mean period above assigned would appear 
to bo subject to a cyclical fluctuation embracing eighty* 
eight such periods, and having the effect of gradually 
lengthening and shortening alternately those intervals to 
the extent of twenty-five days one way and the other.' 
The irregularities in the degree of brightness attained at 
the maximum are probably also periodical Ilevelius re- 
lates’ that during the four years between October, 1672, 
and December, 1676, it did not appear at all. It was un- 
usually bright on October B, 1839 (tbo epoch of its maxi- 
mum for that year according to M Argelander’s observa- 
tions), when it exceeded a Ceti and equalled p Aungio in 
lustre When near its minimum its color changes from 
white to a full red. 

(821.) Another very remarkable periodical star is that 
called Algol, or jS Persei It is usually visible as a star 
of the second magnitude, and such it continues for the 
space of 2 4 13?, when it suddenly begins to dimmish in 
splendor, and in about SI hours is reduced to the fourth 
magnitude, at which it continues about 16". It then begins 


1 ABironom. Nechx No 621 


Lalande'a Astronomy, Art. 791 
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its apparent diameter of 82 1* 5 would be reduced to only 
O' 0093, or less than the hundredth of a second, a quantity 
which we hare not the smallest reason to hope any practical 
improvement m telescopes will ever show os an object hav- 
ing distinguishable form 

(817 ) There remains therefore only the indication which 
the quantity of light they send to us may afford But here 
again another difficulty besets us The light of the sun is 
so immensely superior in intensity to that of any star, that 
it is impracticable to obtain any direot comparison between 
them But by using the moon as an intermediate term of 
comparison it may be done, not indeed with much precision, 
but sufficiently well to satisfy in some degree our curiosity 
on the subject Now a Centann has been directly compared 
with the moon by the method explained in art 783 By 
a mean of eleven such comparisons made in various states 
of the moon, duly reduced and making the proper allowance 
on photometric principles for the moon s light lost by trans 
mission through the lens and prism it appears that the mean 
quantity of light sent to the earth by a fall moon exceeds 
that sent by a Centaan m the proportion of 27408 to I 
Now Wollaston by a method apparently unobjectionable, 
found 1 * the proportion of the sun's light to that of the full 
moon to be that of 801072 to 1 Combining these results, 
we find the light sent us by the sun to be to that sent by 
a Centann as 21,955,000,000, or about twenty two thousand 
millions to 1 Hence from the parallax assigned above to 
that star, it is easy to conclude that its intrinsic splendor, 
as compared with that of onr sun at equal distances, is 
2 3247, that of the sun being unity ** 

** Wollaston PhtL Trans 1829 p 2T 

w SesuUs of Attronomical Obsen alums at the Cape p/ Oaoi Rape tie an. 
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(818 ) The light of Siriin is four times that of a Centaun, 
and its parallax only 0'‘15 (Art 230 ) This in effect as- 
cribes to it an intrinsic splendor equal to 109 So times that 
of a Centaun, and therefore 393 7 times that of our son ** 
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TarUble and Periodical Stirs — List of ihoeo A lrrad y Known — Irrcgulari 
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— Systematic Parallax and Aberration — Effect of the Motion of Light 
In Altering the Apparent Period of a B nary Bur 

(819 ) Now, for what purposes are wo to supposo such 
magnificent bodies scattered through tbo abyss of space? 
Surely not to illuminate our nights, which an additional 
moon of the thousandth part of tho size of our own would 


878 p. 363 If only the result* obtained near the quadrature* of the moon 
(which Is the situation moet favorable to exactness) be used, the resulting valuO 
cf the intrinsic light of the star (the *un being unity) fa 4 1680 On the other 
hand If only those procured near the full moon (the wont time for observation) 
bo employed the result i* 1 4017 Discordances of this kind will etartle no one 
conversant with photometry That a Centauri really emits more light than our 
run must, we conceive bo regarded as an established fact. To those who may 
refer to the work cited it is necessary to mention that the quantity there deafg 
Dated by M, expresses, on the scale there adopted 600 time* tho actual Ulumi 
eating power of the moon at the time of jbeerrntion, that of the mean full moon 
brsfc/j^ •HlLf.y 

*> See the work above cited p. 367 — W ollaston make* the light of 8Iriu8 
one 20 000 millionth of the ann'a. Btelnheil by a very uncertain method found 
O — (328C50O)>X Arctorua. 
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do much better, nor to sparkle ns a pageant void of mean 
ing and reality, and bowildor us among vain conjectures 
Useful, it is true, they are to man ns points of exact and 
permanent reference, but bo must have studied astronomy 
to little purpose, who can suppose man to bo the only object 
of his Creator's care, or who does not see in the vast and 
wonderful apparatus around us provision for other races 
of animated beings The planets, as we have seen, derive 
their light from the sun, but that cannot be the case with 
the stars These doubtless, then, are themselves suns, and 
may, perhaps, each m its sphere, bo the presiding centre 
round which other planets, or bodies of which we can form 
no conception from any analogy offered by our own system, 
may be circulating 

(820 ) Analogies, however, more than conjectural, are 
not wanting to indicate a correspondence between the dy 
namical laws which prevail in the remote regions of the 
stars and those which govern the motions of our own 
system Wherever we can trace the law of periodicity — the 
regular recurrence of the same phenomena in the same 
times — we are strongly impressed with the idea of rotatory 
or orbitual motion Among the stars are several which, 
though no way distinguishable from others by any apparent 
change of place, nor by any difference of appearance in 
telescopes, yet undergo a more or less regular periodical 
increase and diminution of lustre, involving in one or two 
case3 a complete extinction and revival These are called 
periodical stars The longest known and one of the most 
remarkable is the star Omicrcm, in the constellation Cetus 
(sometimes called Mira Ceti), which was first noticed a a 
variable by Fabncius in 1598 It appears about twelve 
times in eleven years, or more exactly m a period of 
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331* S’* 4" 16*, remains at its greatest bnghtnc s about a 
fortnight, being then on some occasions equal to a large 
star of the second magnitude, decreases during about three 
months till it becomes completely invisible to the naked 
eye in which state it remains about fit e months and con 
tinues increasing during the remainder of its period Such 
is the general course of its phases It does not always 
however return to the same degree of brightness, nor to 
crease and dimmish by the same gradations neither are 
the successne intervals of its maxima equal From the 
recent observations and inquiries into its histoiy by JI 
Argelander the mean period above assigned would appear 
to be subject to a cyclical fluctuation embracing eighty 
eight such periods and having the effect of gradually 
lengthening and shortening alternately those intervals to 
the extent of twenty five days one way and the other ' 
The irregularities m the degree of brightness attained at 
the maximum are probably also periodical He veil us re 
lates* that during the four years between October 1672 
and December 1676 it did not appear at all It was un 
usually bright on October 6 1839 (the epoch of its maxi 
mum for that year according to M Argelander s obsena 
tions) when it exceeded a Ceti and equalled p Aungro m 
lustre When near its minimum its color changes from 
white to a full red 

(821 ) Another very remarkable periodical star is that 
called Algol or P Persei It is usually visible as a star 
of the second magnitude and such it continues for the 
space of 2* 13, k when it suddenly begins to diminish m 
■fcylrtfidrtfi vui* -in aJuvtft u, ’m/nri •& Tw&'uisd. ievwtiu 

magnitude at which it continues about 15“ It then begins 


1 A stron on. Nadir No 621. 
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again to mcrevwj, and in S', hours moro is restored to its 
usual brightness, going through all its changes in 2* 20 1 46” 
6-1' 7 This remarkable law of variation certainly appears 
strongly to suggest tho revolution round it of some opaque 
body, which when interposed between us and Algol, cuts 
off a large portion of its light, and this is accordingly the 
view taken of tbo matter by Goodneke, to whom we owe 
tbo discovery of this remarkable fact,* in the year 1782 
since which timo tho same phenomena have continued to 
bo observed, but with this remarkable additional point of 
interest, viz that tho moro recent observations as compared 
with the earlier ones indicate a diminution m the periodio 
time The latest observations of Argelnnder, Heis and 
Schmidt even go to prove that this diminution is not um 
formly progressive, but is actually proceeding with acceler 
ated rapidity, which however will probably not continue, 
but like other cyclical combinations m astronomy, will by 
degrees relax, and then bo changed into an increase, accord 
mg to laws of periodicity which, as well as their causes 
remain to be discovered The first minimum of this star in 
the year 1844 occurred on January 3 at 4 k 14 m Greenwich 
mean tune.* 

(822) The Btar i in the constellation Cepheas is also 
subject to periodical variations which, from the epoch of 
its first observation by Goodneke in 1784 to the present 


* The sara© discovery appears to have been made nearly about tbs same 
tune by Pal tzch a farmer of Prolitz near Dresden — a peasant by Btat on an 
astronomer by nature— who trom b a fare 1 ar acquaintance w th the aspect of 
the heavens had been led to notes among bo many thousand stars tb s one 
as d stingu shed front the rest by its ranat on end bad ascer ta aed its per od. 
The same Pal tzch was also the Brat to red scover the pred cted comet of Halley 
In IT69 which he saw nearly a month before any of the astronomers who 
armed with their telescopes were ana ously watching its return These anec 
dotes carry us back to the era of the Chaldean shepherds Montana r Id 1669 
ani M rirald a 1694 had already noticed a flucluat on of brightness in AlgoL 

* Ast ITach So 4TZ 
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time, have been continued with perfect regularity Its 
period from minimum to minimum is 5* 8* 47“ S^' 5, the 
first or epochal minimum for 1S49 falling, on Jnnuary 2, 
8* 18* 87* M T at Greenwich The extent of its variation 
is from the fifth to between the third and fourth mngm 
tudes Its increase is more rapid than its diminution, the 
interval between the minimum and maximum of its light 
being only l 4 14', while that from the maximum to the 
minimum is 3 4 19* 

(823 ) The periodical star fi Lyre, discovered by Good 
ricke also m 1784, has a period which has been usually 
stated at from 6* 9* to 6* 11', and there is no doubt that in 
a^ont this interval of time its light undergoes a remarkable 
diminution and recovery The more accurate observations 
of M Argelander however have led him to conclude' the 
true period to be 12 4 21* 63* 10*, and that in this period 
a double maximum and minimum takes place, the two 
maxima being nearly equal and both about the 3 4 magm 
tude, but the minima considerably unequal, viz 4 S and 
4 6m In addition to this curious subdivision of the whole 
interval of change into two semipenods we are presented 
in the case of this star with another instance of slow altera 
tion of period, which has all the appearance of being itself 
periodical From the epoch of its discovery in 1784 to the 
year 1840 the period was continually lengthening, but more 
and more slowly, till at the last mentioned epoch it ceased 
to increase, and has since been slowly on the decrease Afl 
an epoch for the least or absolute minimum of this star, 
M Argelander’s calculations enable us to assign 1846 Jan 
uary 3* 0* 9™ 63* G M T 

* Astron. Nadir No. 024 See also the valuable papers by th s excellent 
astronomer in A N IS os 417 455 etc. 
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(824 ) The following list comprises most of the variable 
stars at present known 



242 Luther 1855 
19 1 Birt, 1831 

ffrnrf 1851 
313 Bind 1850 

331 336 FabncfuS 1595 

2 8673 Goodneke 1782 

44- Baiendell 1848 

Hind 1819 
257 

237 7 Hind 1848 

2504- He 3 1816 

Schm dt, 1855 
J Hereclel 1836 
10 15 Schm dt 1847 

370 Hind 1648 

Argelaoder 18o4 
H nd 1856 

295 H nd 1646 

287 FI nd 1848 

100 7 II nd 1855 

380 Schwerd IB’S 

9 434 H nd 1818 

260 Hind 1848 

Hind 1850 


78 Smyth —7 
Loop Montanarl 1667 ■ 
313 7 Koch 1782 
301 35 Pop*on 1853 
<6 yearn 7 Burchetl IB’S 
Long Lai node 1788 


Maratdf 1TM | 
Hind 1852 
r ia/aurfc r 

| Schnmacl w — 7 I 
( Secure 1838 | 
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eye at its minimum, and sometimes not so, and its maximum 
is alBo very irregular Pigott’s variable star in Corona is 
stated by M Argelander to vary for the most part so little 
that the unaided eye can hardly decide on its maxima and 
minima, while yet after the lapse of whole years of these 
slight fluctuations, they suddenly become so great that the 
star completely vanishes The variations of a Onoois, which 
were most striking and unequivocal in the years 1830-1840, 
within the years since elapsed became much less conspicu 
ous In January, 1849, they had recommenced, and on 
December 5, 1852, Mr Fletcher observed a Ononis brighter 
than Capella, and actually the largest star in the Northern 
hemisphere The star called TJ Geminorum, in the list above 
given, is stated by Mr Pogsoa to be subject to alternations 
or twinklings of light from the ninth to the thirteenth mag 
zutude, in intervals from nine to fifteen seconds, neighboring 
stars of equal brightness remaining steady! 

(827 ) These irregulanties prepare us for other phenora 
ena of stellar variation, which have hitherto been reduced 
to no law of periodicity, and must be looked upon, in rela 
tion to our ignorance and inexperience, as altogether casual, 
or, if periodic, of periods too long to have occurred more 
than once within the limits of recorded observation The 
phenomena we allude to are those of Temporary Stars , 
which have appeared, from time to time, in different parts 
of the heavens, blazing forth with extraordinary lustre, 
and after remaining awhile apparently lmmoiable, have 
died away, and left no trace Such is the star which, 
suddenly appearing some time about the year 125 B C , and 
which was visible in the daytime, is said to have attracted 
the attention of Hipparchus, and led him to draw up a cata 
logue of stars, the earliest on record Such, too, was tho 
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star which appeared, A D $89, near a AquUffi, remaining 
for three weeks as bright as Venus, and disappearing en- 
tirely In the years 945, 1254, and 1572, brilliant stars np 
peared m the region of the heavens between Cephcus and 
Cassiopeia, and, from the imperfect account wo have of the 
places of the two earlier, as compared with that of the last, 
which was well determined, ns well as from the tolerably 
near coincidence of the intervals of their appearance, wo 
may suspect them, with Goodncke, to be one and the same 
star, with a penod of S12 or perhaps of 156 years The 
appearance of the star of 1672 was so sudden, that Tycho 
Brahe, a celebrated Danish astronomer, returning one even 
mg (the 11th of November) from his laboratory to his 
dwelling house, was surprised to find a group of country 
people gazing at a star, which ho was sure did not ovist 
half an hour before This was the star in question It was 
then as bright as Sinus, and continued to increase till it 
surpassed Jnpiter when brightest, and was viBible at mid 
day It began to diminish in December of the eame year, 
and m March, 1674, had entirely disappeared So, also, 
on the 10th of October, 1604, a star of this kind, and not 
less brilliant, burst forth in the constellation of Serpentanus, 
which continued visible till October 1605 

(828) Similar phenomena though of a less splendid 
character, have taken place more recently, as in the case 
of the star of the third magnitude discovered in 1670, by 
Anthelm, to the head of the Swan, which, after becoming 
completely invisible, reappeared, and, after undergoing one 
or two singular fluctuations of light, during two years, at 
last died away entirely, and has not since been seen 

(829 ) On the night of the 28th of April 1848 Mr Hind 
observed a Btar of the fifth magnitude or 6 4 (very conspicn 
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oas to the naked eye) in a part of the constellation Ophiu 
chuB (R A 16* 1 51® 1* 5, N P D 102° 89 14*), where, from 
perfect familiarity with that region, be was certain that up 
to the 6th of that month no star so bright as 9 10m previ 
ouely existed Neither has any record been discovered of a 
star being there observed at any previous time From the 
time of its discovery it continued to diminish, without any 
alteration of place, and before the advance of the season 
rendered further observation impracticable, was nearly ex 
tinot Its color was ruddy, and was thought by many ob 
servers to undergo remarkable changes, an effect probably 
of its low situation 

(830 ) The alterations of brightness in the southern star 
7 Argils which have been recorded, are very singular and 
surprising In the time of Halley ( 1677) it appeared as a 
star of the fourth magnitude Luculle, in 1761 observed 
it of the second In the interval from 1811 to 1816, it was 
again of the fourth, and again from 1822 to 1826 of the sec 
ond On the 1st of Febraary, 1827, it was noticed by Mr 
Burchell to have increased to the first magnitude, and to 
equal a Crucis Thence again it receded to the second, and 
so continued until the end of 1837 All at once in the be 
ginning of 1838 it suddenly increased in lustre so as to sur 
pass all the stare of the first magnitude except Sirius, Cano 
pus, and a Centaun, which last star it nearly equalled 
Thence it again diminished, but this time not below the 
1st magnitude until April, 1813, when it had again in 
creased so as to surpass Canopus, and nearly equal Sinus 
in splendor In May 1863 [as well na in the years 1866-68), 
according to JJ> Abbott fand 3fr John Tehbutt. Jr J it 
was only of the 6th magnitude * Frofc°sor Loomis consid 
» \ot ees cl H 4 1st, Soc. xxlv p 6, xxr p 192, xjrfii. p 300 aaJ p. 2t>0. 




OUTLINES OF ASTRONOMY 


743 

era it as periodical, the interval of the minima being about 
seventy years * “A strange field of speculation," it has 
been remarked, “t$ opened by this phenomenon The tem 
porary stars heretofore recorded have all become totally 
extract Tanable stars, so far as they bavo been carefully 
attended to, have exhibited periodical alternations, in some 
degree at least regular, of splendor and comparative obscur 
lty But here we have a star fitfully variable to an as 
tonishing extent, and whose floctnations are Bpread over 
centuries, apparently in no settled period, and with no regn 
lanty of progression "What ongin can we ascribe to these 
audden flashes and relapses? What conclusions arewc to 
draw as to the habitability of a system depending for its 
supply of light and heat on so uncertain a source ?' Specu 
lations of this brad can hardly be termed visionary, when 
wo consider that, from what has beforo been said, we are 
compelled to admit o community of nature between the 
fixed stare and our own sun, and reflect that geology testi 
fies to the fact of extensive changes having taken place at 
epochs of the most remote antiquity m the climate and tem 
perature of our globe difficult to reconcile with the operation 
of secondary causes such as a different distribution of sea 
and land but which would find an easy and natural ex 
planation in a Blow variation of the supply of light and heat 
afforded b} the snn itself 

(831) The Chinese annals of Ma touan lin * in which 
stand officially recorded, though rudely, remarkable astro 
nominal phenomena, supply a long li*t of strange stare,' 
among which, though the greater part are evidently comets, 
some may be recognized as belonging in all probability to 
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the class of Temporary Stars as above characterized Such 
is that which is recorded to have appeared inAD 1 73, be 
tween a and /3 Centaun, which (no doubt, scintillating from 
its low situation) exhibited “the five colors,” and remained 
visible from December in that year till July in the next. 
And another which these annals assign to A D 1011, and 
which would seem to be identical with a star elsewhere 
referred to AD 1012, “which was of extraordinary bnl 
limey, and remained visible in the southern part of the 
heavens during three months,”* a situation agreeing with 
the Chinese record, which places it low in Sagittarius 
Among several less unequivocal is one referred to B C 
134, m Scorpio, which may possibly have been Hippar 
cbus’s star (Lastly, on May 12, 1866, a star of the second 
magnitude was unexpectedly noticed by Mr Birmingham 
(at Tnam) near e Corome It diminished rapidly, having 
been seen by Mr Huggins on May 15, 16, 17, 18, 19, 20 
respectively as 3 6, 4 2, 4 9, 5 3, 5 7, and 6 2m Alter 
dwindling to 10m it again recovered so far as to have 
been seen on October 5 by M Schmidt as 7m Its place 
for 1866 was B A 16" 64", N P D 63° 42 Its spectrum 
was twofold, exhibiting both positive and negative lines, in 
dicatmgat once the presence of flame and absorptive vapors J 
(832) On a careful re examination of the heavens, and 
a comparison of catalogues many stars are now found to be 
missing, and although there is no doubt that these losses 
have arisen in the great majority of instances from mistaken 
entries, and in some from planets having been mistaken for 
stars, yet id some it is equally certain that there is no mis 


* Hind, Notices of the Astronomical Society, rul 156 citing Beptiamnu. 
Ho places tho Cl incase star of 1W A.D between - and P Ca nit Jfinorii but 
M B ot d sUnctij says • P pied oriental du Centaure. 
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take in the observation or entry, and that the star has really 
been observed, and as really has disappeared from the 
heavens The whole subject o! variable stars is a branch 
of practical astronomy which has been too little followed 
op, and it is precisely that in which amateurs of the science, 
and especially toyagers at sea, provided with only good 
eyes, or moderate instruments, might employ their time to 
excellent advantage Catalogues of the comparative bright 
ness of the stare in each constellation have been constructed 
by Sir Wm Herechel, with the express object of facihtat 
ing these researches, and the reader will find them, and a 
full account of his method of comparison, in the Phil Trans 
1706 and subsequent years 

(833 ) Wo come now to a class of phenomena of quite a 
different character, and which give us a real and positive 
insight into the nature of at least some among the stars, and 
enablo us unhesitatingly to declare them subject to the same 
dynamical laws, and obedient to the same power of gravitu 
tion, which governs our owu system Many of the stare, 
when examined with telescopes, are found to be double, t e 
to consist of two (in some cases three or more) individuals 
placed near together This might be attributed to ncciden 
tal proximity, did it occur only in a few instances, but the 
frequency of this companionship the extreme closeness, 
and, in many cases, the near equality of the stars so con 
joined, would alone lead to a strong suspicion of a more 
near and intimate relation than mere casual juxtaposition 
The bright star Castor, for example, when much magnified, 
is found to consist of two stars of nearly the thiTd xnagm 
tnde, within 5' of each other Stars of this magnitude, 
Tiowever, are not so common in the heavens as to render it 
otherwise than excessively improbable that, if scattered at 
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random, they would fall so near But this improbability 
becomes immensely increased by a consideration of the fact, 
that this is only one out of a great many similar instances. 
Michell, in 1767, applying the rules for the calculation of 
probabilities to the case of the six brightest stare in the 
group called the Pleiades, found the odds to bo 500000 to 1 
against their proximity being the mere result of a random 
scattering of 1600 stars (which be supposed to be the total 
number of stars of that magnitude m the celestial sphere" 1 ) 
over the heavens Speculating further on this, as an indi- 
cation of physical connection rather than fortuitous assem- 
blage, he was led to surmise the possibility (since converted 
into a certainty, but at that time, antecedent to any observa- 
tion) of the existence of compound stars revolving about one 
another, or rather about their common centre of gravity. 
M Struve, pursuing the same tram of thought as applied 
specially to the cases of double and triple combinations of 
stars, and grounding his computations on a more perfect 
enumeration of the stars visible down to the 7th magnitude, 
in the part of the heavens visible at Dorpnt, calculates that 
the odds are 126 to 1 against any two stars, from the 1st to 
the 7th magnitude inclusive, out of the whole possible num- 
ber of binary combinations then visible, falling (if fortui- 
tously scattered) within 4 r of eaoh other Now the number 
of instances of such binary combinations actually observed 
at the date of this calculation was already 91, and many 
more have since been added to the list Again, he calcu 
Jatea that the odds against any such stars fortuitously scat 
tered, falling within 82' of a third, so as to constitute a 


'» This number is considerably too small and in consequence Michell e odds 
m thfa case materially overrated But enough will remain if this bo rectified, 
fully to bear out his argument. Phil Trent tot 67 
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triple Btar, is not less than 4S40 to 1 Now, four such com 
bmationg occur in the heavens, viz. o Ononis, * Ononis, XI 
Monocerotis, and C Canon The conclusion of a physical 
connection of some hind or other is therefore unavoidable 
(834 ) Presumptive evidence of another kind is famished 
by the following consideration Both a Centaun and 01 
Cygm are “Double Stars ” Both consist of two mdividu 
als, nearly equal, and separated from each other by an in 
terval of about a quarter of a minute In the case of 61 
Cygm, the stare exceeding the 7th magnitude, there is 
already a prtma faev: probability of 0 to 1 against their 
apparent proximity The two stars of a Centaun are both 
at least of the 2d magnitude, of *hich altogether not more 
than about 60 or 60 exist in the whole heavens Bat, wmv 
mg this consideration, both these stare as we have already 
seen have a proper motion go considerable that supposing 
the constituent individuals unconnected, one would speedily 
leave the other behiad Yet at the earliest dates at which 
they were respectively observed these stars were not per 
ceived to be double aad it is only to the employment of 
telescopes magnifying at least 8 or 10 times, that we owe the 
knowledge we now possess of their being so With such a 
telescope LacaiUe in 1751 was barely able to perceive the 
separation of the two constituents of « Centaun whereas, 
had one of them only been affected with the observed proper 
motion, they Bbould then have been 8 asunder In these 
cases then some physical connection may be regarded as 
proved by this fact alone 

(835) Sir William Herschel has enumerated upward of 
500 doable stars of which the individuals are less than 32' 
asunder M Struve, prosecuting the inquiry with mstru 
ments more conveniently mounted for the purpose, and 
AsreosouT— Vol XX— 13 
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wrought to an astonishing pitch of optical perfection, has 
added more than five times that number And other ob 
servers have extended still further the catalogue of “Double 
Stars,’’ without exhausting the fertility of the heavens 
Among these are a great many m which the distance be 
tween the component individuals does not exceed a single 
second They are divided into classes by IT Struve (the 
first living authority in this department of astronomy), ac 
cording to the proximity of their component individuals 
The first class comprises those only in which the distance 
does not exceed X' , the 2d those in which it exceeds 1* but 
falls Bbort of 2' , the 8d class extends from 2’ to 4' distance, 
the 4th from 4* to 8*, the 5th from 8' to 12', the 6th from 
12’ to 16’, the 7th from 16' to 24', and the 8th from 24’ to 
32*' Each class he again subdivides into two sub classes of 
which the one under the appellation of conspicuous double 
stars ( Duphces lucidrz) comprehends those m which both in 
dinduals exceed the 8J magnitude, that w to say, aresepa 
rately bright enough to be easily seen in any moderately 
good telescope AU others, in which one or both the con 
stituents are below this limit of easy visibility, arc collected 
into another sub class, which he terms residuary ( Duphces 
rehqua) This arrangement is so far convenient, that after 
a little practice in the use of telescopes as applied to such 
objects, it is easy to jadge what optical power will probably 
suffice to resolve a star of any proposed class and either sub 
class, or wonld at least be bo if the second or residuary sub 
class were further subdivided by placing in a third sub class 
“delicate” doable stars, or those in which the companion 
star is so very minute as to require a high degree of optica! 
power to perceive it, of which instances will presently bo 
given 
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(836 ) The following may be taken as specimens of each 
class They are all taken from among the lucid, or con* 
aptouous stars, and to such of our readers as may be in pos- 
session of telescopes, and may be disposed to try them on 
such objects, will afford a ready test of their degree of 
efficiency 

CLASS L, 0" TO 1" 

y Ooronie Cor 4 Corona? t OpbiuchJ Atlas Pleiad unj. 

y Cenlittri. 4 Herculis * Draconls 4 Aquaril. 

y I.upL A CaaslopeUe 4 Urs® llsjoris S AqnariL 

< Arietta A Ophluchl X Aqulle 1 3 Come 

{ Here oils. * Lupf w Leonls 53 Anetla. 

y 2 Andromedaa. A Cygni. ♦ Andromeda?. flfl Ptaclom 

Class IL, 1* to 2" 

y Circinl. ( Bootls t Ureffi Majorto. 3 Camelopftidl. 

I CygnL i Cassiopeia?. m Aqull® 83 Ononis. 

< Ctnunreleootis > 2 Cancrl * Corona Bor 52 Orlonls 

Class UL, 2" to 4' 

• Piaclutft. y Virginia. < AquarU a Draconls 

ft Hydra I Serpentla. ( Orlonls. » Caols 

y Cell « Eootis. > Leonls. p llcrculis 

t Leonia < Drsconls. 4 Trtangull cr Caaslopel® 

T Coronw Aus. « Hy Jr®. « Lc ports. 44 Bootls 

Class IV , 4" w 8 

* Cracla. 9 Phoenicia ( Oepbd a Erldaol 

« Hercnlta. « Oephel > Bootls. 70 OphluchL 

a Geminorum. A Orlonls. p Capricorn!. 1' Er danL 

4 Oemlnomm w CygnL * Argus. 83 ErldsnL 

{ Oaron® Bor { Bootls. - Aartgm 25 Hecculls 

Class V 8 to 12 

ft Orlonls f AntH® 4 Orlonls 

y Arietta 4 Cassiopeia ( Ertdanl. 

y DelphlnL 9 Erldani 8 Canura Von. 

Class VI 12 to 16 

» OntaorL y Volantls. « Bootls. 

ft Ophel y Lupl 6 llonocerotls. 

ft SoorpU { Cra« Major 61 Cygnl 

Class VJX iff to 24" 

• Cannm Ven. 9 Serpenti s. ti Coro®. 

« Norm® * Ccroc* A ns. 41 Draconls, 

{ Ptaclom. X Taurt 81 OphlnchL 

Class VlTf U to ft' 


« UerculLs. 
A Drscoota. 


• HercuUs. 
a Lyra;. 


* Cygni 
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(837.) Among the most remarkable triple, quadruple, or 
multiple stars (for such also occur), may be enumerated, 

f Andromeda # Orlonls. { ScorplL 

« Lyra * LupL tl MonocwroW* 

if Cucii n Booth. 15 Lyse I m 

Of these, y Andromedse, n Bootis, and /t Lupi appear in tele 
scopes, even of considerable optical power, only as ordinary- 
double stars, and it is only when excellent instruments 
are used that their smaller companions are subdivided and 
found to be, in fact, extremely close double stars t Lym 
offers the remarkable combination of a double double star 
Viewed with a telescope of low power it appears as a coarse 
and easily divided double star, but on increasing the magnify- 
ing power, each individual is perceived to be beautifully 
and closely double, the one pair being about 21% the other 



about 3* asunder Each of the stars Z Cancri, S Scorpu, II 
Monocerotis, and 12 Lyncia consists of a principal star, 
olosely double, and a smaller and more distant attendant, 
while 0 Ononis presents the phenomenon of four brilliant 
principal stars, of the respective 4th, 6th, 7th, and 8th mag 
nitudes, forming a trapezium, the longest diagonal of which 
is 21* 4, and accompanied by two excessively minute and 
very close companions (as in the above Ggtire), to per 
ceive both which is one of the severest tests which can be 
applied to a telescope 
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(838 ) Of the “delicate” sub class of double stars, or 
those consisting of very largo and conspicuous principal 
stars, accompanied by very minuto companions, the follow 


mg specimens may suffice 



« BCancrt 

• PoUrt*. 


> Booll*. 

• S Caprice rot. 

■ Scorpll 

« CircloL 

* vurioi*. 

« Indl 

fi AquiriL 

« Oemloorum 

x ErlcUuL 


■> njdm. 

» Feitel 

14 Aurij»- 


(839) To the amateur of astronomy the double stars 
offer a subject of very pleasing interest, as tests of tbo 
performance of bis telescopes, and by reason of the finely 
contrasted colors which many of them exhibit, of which 
more hereafter But it is the high degree of physical in 
tcrest which attaches to them which assigns them a cou 
spicuons place in modern astronomy, and justifies the 
minute attention and unwearied diligence bestowed on 
the measurement of their angles of position and distances, 
and the continual enlargement of our catalogues of them 
by the discovery of new ones It was as we have seen, 
under an impression that such combinations if diligently 
observed might afford a measure of parallax through the 
periodical variations it might be expected to produce in 
the relative situation of the small attendant star that Sir 
Vf Herschel was induced (between the years 1779 and 1784) 
to form the first extensive catalogues of them under the 
scrutiny of higher magnifying powers than had ever pre 
vionsly been applied to such purposes In the pursuit of 
this object the end to which it was instituted as a means 
was necessarily laid aside for a time, until the accumulation 
of more abundant materials Bhould have afforded a choice of 
stars favorably circumstanced for systematic observation 
Epochal measures however, of each star were secured, 
and on resuming the subject, his attention was altogether 
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diverted from the original object of the inquiry by pbe* 
nomena of a very unexpected character, which at once 
engrossed hia whole attention Instead of finding, as he 
expected, that annual fluctuation to and fro of one star of 
a doable star with respect to the other — that alternate annual 
increase and decrease of their distance and angle of position, 
which the parallax of the earth’s annnal motion would pro 
duce — he observed, in many instances, a regular progressive 
change, m some cases bearing chiefly on their distance — 
in others on their position, and advancing steadily m one 
direction, bo as clearly to indicate either a real motion of 
the stars themselves, or a general rectilinear motion of the 
sun and whole solar system, producing a parallax of a higher 
order than would arise from the earth’s orbitnal motion, and 
which might be called systematic parallax 

(840 ) Supposing the two stars, and also the sun, in mo 
tion independently of each other, it is clear that for the 
interval of several years, these motions must be regarded 
as rectilinear and uniform Hence, a veiy slight acquaint 
ance with geometry will suffice to show that the apparent 
‘motion of one star of a double star, referred to the other as 
a centre, and mapped down, as it were, on a plane in which 
that other shall be taken for a fixed or zero point, can bo 
no other than a right line This, at least, must be tho case 
if the stars bo independent of each other, but it will bo 
otherwise if they have a physical connection such as, for 
instance, real proximity and mutual gravitation would 
establish In that case they would describe orbits round 
each other, and round their common centre of gravity, and 
th&vfacG the apparent path el erther, referred te the ether 
as fixed instead of being a portion of a straight line, would 
be bent into a curve concave toward that other The oh 
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Berved motions, however, were so slow, that many years* 
observation was required to ascertain this point; and it was 
not, therefore, until the year 1803, twenty-five years from 
the commencement of the inquiry, that anything like a posi- 
tive conclusion could be come to respecting the rectilinear 
or orbitaal character of the observed changes of position. 

(841.) In that, and the subsequent year, it was distinctly 
announced by him, in two papers, which will be found in 
the Transactions of the Royal Society for those years, 1 1 that 
there exist Bidereal Bystems, composed of two Btars revolv- 
ing aboot each other in regular orbits, and constituting 
what may bo termed binary stars, to distinguish them from 
double stars generally so called, in which these physically 
connected stars are confounded, perhaps, with others only 
optically double, or casually juxtaposed in the heavens at 
different distances from the eye; whereas the individuals 
of a binary star are, of course, equidistant from the eye, 
or, at least, cannot differ more in distance than the Betni- 
diameter of the orbit they describe about each other, which 
is quite insignificant compared with the immense distance 
between them and tbe earth. Between fifty and .sixty in- 
stances of changes, to a greater or less amount, in the angles 
of position of double stars, are adduced m the memoirs 
above mentioned; many of which are too decided, and too 
regalarly progressive, to allow of their nature being mis- 
conceived. In particular, among the more conspicuous stars 
— Castor, r Virginia, £ Urs®, 70 Ophiuchi, a and i? Coronas, 
£ Bootis, ij Cassiopeia, x Leonis, f Herculis, 8 Cygni, v 
Bootia, « 4 and t 6 Lyras, l Ophiuchi, n Draconis, and 
C Aquarii, are enumerated as among the most remarkable 

11 The announcement waa In fact made in 1802, but unaccompanied hj the 
obeerTaoona establishing the fact. 
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instances of the observed motion , and to some of them even 
periodic tames of revolution are assigned, approximative 
only, of coarse, and rather to be regarded as rough guesses 
than as results of any exact calculation, for which the data 
were at the time quite inadequate For instance, the revo 
lntion of Castor is set down at 334 years, that of r Virginia 
at 708, and that of x Leoms at 1200 years 

(&42 ) Subsequent observation has fully confirmed these 
results Of all the stars above named, there is not one 
which is not found to be fully entitled to be regarded as 
binary, and, in fact, this list comprises nearly all the moat 
considerable visible in our latitudes which have yet been 
detected, though (as attention has been closely drawn to 
the subject, and observations have multiplied) it has, of 
late, received large accessions Upward of a hundred double 
stars, certainly known to possess this character, were enu 
merated by M Madler in 1841," and more ore emerging 
into notice with eveiy fresh mass of observations which 
come before the public They require excellent telescopes 
for their effective observation, being for the most part so 
close as to necessitate the use of very high magnifiers (such 
ns would be considered extremely powerful microscopes if 
employed to examine objects within onr reach), to perceive 
an interval between the individuals which compose them 
(843 ) It may easily be supposed, that phenomena of this 
kind would not pass without attempts to connect them with 
dynamical theories From their first discovery, they were 
naturally referred to the agency of some power, like that 
of gravitation, connecting the stars thus demonstrated to 
be in a state of circulation about each other, and tho ox 
tension of the Newtonian law of gravitation to these remote 

** Dorpal ObeorriUona YoU bu 1840 wd 1841 
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systems wa3 a step eo obvious, and so well warranted by 
oar experience of its aU-sufficicnt agency in our own, as to 
have been expressly or tacitly made by every one who 
b&« given the subject any eharo of bis attention. We owe, 
however, the first distinct system of calculation, by vrhicb 
the elliptic elements of the orbit of .a binary star could bo 
deduced from observations of its angle of position and 
distance at different epochs, to M. Savary, who showed,’* 
that the motions of ono of the most remarkable among 
them (? Ursre) were explicable, within tho limits allowable 
for error of observation, on the supposition of an elliptic 
orbit described in tho short period of 531 years. A different 
process ot computation conducted Professor Encke" to an 
elliptic orbit for 70 Opbiuchi, described in a period of 
seventy-four years. M. Madlcr has especially signalized 
himself in this lino of inquiry (see Table) Several orbits 
have also been calculated by Mr. Hind, Admiral Smyth, 
Mr, Jacob, Mr. Powell, M. Villarceau, Professors Wmnecko 
anil Klinkerfues; and the author of these pages has himself 
attempted to contribute hia mite to these interesting investi- 
gations.'* The following may be stated as the chief results 
which have been obtained in this branch of astronomy:" 


** Connoiaa. d« Tempe, 1830 11 Berlin Ephera 1832 

11 Uetn. R Ast. 8oc *ota. r and Trill 

'* The "position of the node" in coL 4 expresses the angle of position (see 
art. 204) of the lino of Intersection ot the plane of the orbit, with the plane of 
the heavens on which It Is seen projected The “inclination " In coL 6 is ibe 
Inclination of these two plane* to one another CoL 6 shows the angle actually 
Included in lha plans of tha orbit, between the line of nodes fdeflnod as shore) 
snd tho line ol apsides. The elements assigned In this table to “ loon is, 
( Bootis and Castor most be considered aa rery doubtfuL Borne cause of per* 
turbatlon has been suspected to exist in the morements of p OphiuchL Ur. 
Jacob comparing some old (snd no doubt rery rude) obserratloua by RIchaud 
»nd Feuilld, in 1690 and 1709, draws a similar conclusion In the esse of the sys- 
tem of* CentanrL Comparing the more modern (and only reliable observations), 
howerer, this opinion seems hardly entitled to tho confidence with which he 
InsnU on It. A rery few year*’ additional observation will decide the question. 
This magnificent double alar well merits the most careful and diligent attention 
of astronomer*. 
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.(844 ) 0! the Blare in the abovo list, that which has been 
most assiduously watched, and has offered phenomena of 
the greatest interest, is y Virginia It is a star of the vulgar 
8d magnitude (S 08=Photom 8 49-1), and its component 
individuals are very nearly equal, and as it would seem in 
some slight degree variable, since, according to the obser- 
vations of M. Struve, the one is alternately a little greater 
and a little less than the other, and occasionally exactly 
equal to it. It has been known to consist of two stars since 
the beginning of the eighteenth century; the distance being 
then between sir and seven seconds, so that any tolerably 
good telescope wonld resolve it When observed by Her- 
schel in 1760, it was 6* 66, and continued to decrease grad 
■oally and regularly till at length, in 1836, the two stare had 
approached so closely as to appear perfectly round and 
Bingle under the highest magnifying power which could 
bo applied to most excellent instruments — the great re 
fractor at Pulkova alone, with a magnifying power of 1000, 
continuing to indicate by the wedge-shaped form of the 
disk of the star its composite nature By estimating the 
ratio of its length to its breadth and measuring the former, 
M Struve concludes that, at this epoch (1636 41), the dis- 
tance of the two stars, centre from centre, might be stated 
at 0* 22 From that time the star again opened, and is now 
again a perfectly easily separable star This very remark- 
able diminution and subsequent increase of distance has 
been accompanied by a corresponding and equally remark- 
able increase and subsequent diminution of relative angular 
motion Thus, in the year 1783 the apparent angular mo 
tion hardly amounted to half a degree per annum, while 
vr. V&ifo A Yi&u ytasitsatA. V& 5.° , vn to , va , 

and about the middle of 1836 to upward of 70° per annum, 
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or at tbc rate of n degree in five days This is in entiro 
conformity with the principles of dynamics, which establish 
tv necessary connection between the angular velocity and the 
distnnoo, as well in the apparent as m tho real orbit of one 
body revolving about another under tho influence of mutual 
attraction, tbc former varying inversely as tho sqnaro of the 
lattor, in both orbits, whatever be the curve described and 
whatever the law of the attractive force It fortunately 
happens that Bradloy, in 1718, had noticed and recorded 
in the margin of one of his observation books, the apparent 
direction of the lino of junction of tho two stars as seen on 
tho meridian m his transit telescope, viz parallel to the 
line joining two conspicuous stars a and <* of the same con* 
steJlation, as seen by the naked eye This note, rescued 
from oblivion by the late Professor Pigaud, has proved 
of singular service in tho verification of the elements 
above assigned to tho orbit, which represent the whole 
series of recorded observations that date up to the end 
of 1846 (comprising an angular movement of nearly nine 
tenths of o complete circuit) both m angle and distance, 
with a degree of exactness fully equal to that of obscr 
vation itself No doubt can, therefore remain as to the 
prevalence in this remote system of the Newtonian law of 
gravitation 

(846) The observations of £ Urate Majons are equally 
well represented by M Mhdler’s elements (4 c of our table), 
thus fully justifying the assumption of the Newtonian law 
as that which regulates the motions of their binary systems. 
And even Bhould it be the case, as M Mitdler appears to 
consider, that in one instance at least (that of p Ophinohi), 
deviations from elliptic motion too considerable to ansa 
from mere error of observation, exist (a position we are by 
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no means prepared to grant 1 *), we should rather be disposed 
to look for the cause of such deviations m perturbations 
arising (a3 Bessel has suggested) from the largo or central 
star itself being actually a close and hitherto unrecognized 
doable star than in any defect of generality in the New * 
toman law 

(816 ) If the great length of the periods of some of these 
bodies bo remarkable, the shortness of those of others is 
hardly less so C Hcrculis has already completed two revo 
lntiona since the epoch of its first diecovcry, exhibiting in 
its coarse the extraordinary spectacle of a sidereal occulta 
tion, the small star having twice been hidden behind or be 
fore the large one rj Coronpi, C Cancn, S Ureas and a Ccn 
taun have each performed more than one entire circuit, nnd 
70 Ophmcht nnd r Virginia have accomplished by far the 
larger portion of one in angular motion If any doubt, 
therefore, could remain as to the reality of their orbitual 
motions, or any idea of explaining them by mere parallactic 
changes, or by any other hypothesis than the agency of 
centripetal force, these facts must suiSco for their complete 
dissipation We have the same evidence, indeed, of their 
rotations abont each other, that we have of those of Uranus 
and Neptune about the sun, and the correspondence be 
tween their calculated and observed places in such very 
elongated ellipses, most be admitted to carry with it proof 


n P Ophluchl belongs Vo the class ot Tory unequal double start lbs rosgn! 
tildes of the ind rlduala being 4 and 7 8neh stars present d (ficulues in the 
exact measurement ©1 their angles of position which even yet continue to em 
barrasa the observer though owing to later improvements In the art of exeent 
tag such measurements their Influence is confined within mnch narrower limits 
than In the earlier history of the subject. In simply placing a floe single wire 
parallel to the line of Junction of two such stars it is easily possible to commit 
•Jxermr. of. vC nr. 4? B.<j >j! adm^ them. Wjmwi two. ijnrallel. thick, wires, wish, 
errors are In great measure obviated. [The elements by 8chnr in our table 
art 843 represent with the exactness of obserrat on itself the whole serial 
of positions and distances observed from 1779 to 1868 j 
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of the prevalence of the Newtonian law of gravity in their 
systems, of the very same nature and cogency as that of the 
calculated and observed places of comets round the central 
body of our own 

(847 ) But it is not with the revolutions of bodies of a 
planetary or cometary nature round a solar centre that we 
are now concerned, it is with that of sun round sun — each, 
perhaps, at least in some binary systems where the mdividu 
als are very remote and their period of revolution very long, 
accompanied with its tram of planets and that satellites, 
closely shrouded from oor view by the splendor of their re 
Bpective suns and crowded into a space bearing hardly a 
greater proportion to the enormous interval which separates 
them, than the distances of the satellites of our planets from 
their primaries bear to their distances from the san itself 
A less distinctly characterized subordination would be in 
compatible with the stability of their systems, and with the 
planetary nature of their orbits Unless closely nestled 
under the protecting wing of their immediate superior, the 
sweep of their other sun in its perihelion possngo round their 
own might carry them off, or whirl them into orbits utterly 
incompatible with the conditions necessary lot the existence 
of tbeir inhabitants It must bo confessed, that wo have 
here a strangely wide and novol field for speculative cxcur 
sions, and one which it is not easy to avoid luxuriating in 

(848 ) Tho discovery of the parallaxes of a Centaun and 
61 Cygni, both which arc above enumerated among tho 
“conspicuous” double stars of tho 6th class (a distinction 
fully merited in the case of the former by the brilliancy of 
both ita constituents) enables ns to speak with an approach 
to certainty ns to the absolute dimensions of both their 
orbits, and thence to form a probable opinion as to the 
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general scale on which these astonishing Bystems arc con* 
Btructed. The distance of the two stare of 61 Cygm eub* 
tends at the earth an angle which, since the earliest micro- 
metrical measures in 1781, has varied hardly 1' either way 
from a mean value 16* ’5. On the other hand, the angle o! 
position has altered since the same epoch by nearly CO’, so 
that it would appear probable that the true form of the orbit 
is not far from circular, its situation at right angles to the 
visual line, and its periodic time probably not short of 600 
years- Now, as the ascertained parallax of this star ia 
0'-348, which is, therefore, the angle the radius of the 
earth’s orbit would subtend if equally remote, it follows 
that the mean distance between the stare is to that radios, 
as 16*-5 : 0*-848, or as 47-41 : 1. The orbit described by 
tbeso two stars about each other undoubtedly, therefore, 
greatly exceeds in dimensions that described by Ncptuno 
about the sun. Moreover, supposing the period to be five 
centuries (and the distance being actually on the increase, 
it can hardly be less) the general propositions laid down by 
Newton, *• taken in conjunction with Kepler's third law, en- 
able ns to calculate the sum of the masses of the two stare, 
which, on these data, we find to be 0 S5S, the mass of onr 
sun being 1. The sun, therefore, is neither vastly greater 
nor vastly less than the stars composing 61 Cygm. 

ISM®.) The data in the case of a Centaun are more uncer- 
tain. Since the year 1822, the distance has been steadily 
and pretty rapidly decreasing at an average rate of about 
half a second per annum, and that with little change till 
lately in the angle of position. 1 * Hence, it follows evidently 


» Principle, L 1 Prop* 61, 68, 68 

•* In the 10 years between LecaiUe’* obaerrationa end 1822, there exists no 
record of anyobeerred angle of position. 
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that the plane of ita orbit passes nearly through the earth, 
and (the distance about the middle of 1834 hating been 17,*) 
it 13 very probable that either an occupation, like that ob 
served tn C Herculis, or a close appulse of the two stars, will 
take place about the year 1859 As the observations we 
possess aSord no sufficient grounds for a satisfactory ealeu 
lation of elliptic elements we must be content to assume 
what, at all events, they fully justify, viz that the major 
semi axis must exceed 12', and is very probably consider 
ably greater Now this with a parallax of 0' 913 would give 
for the real value of the semiaxis 13 15 radu of the earth’s 
orbit, as a minimum The real dimensions of their ellipse, 
therefore, cannot be so small as the orbit of Saturn in all 
probability exceed that of EJxanus, and _xnay possibly be 
much greater than either 

(850 ) The parallel between these two double stars is a 
remarkable one Owing no doubt to their comparative prox 
unity to our system, their apparent proper motions are both 
unusually great, and for the Bamo reason probably rather 
than owing to unusually laige dimensions, their orbits op 
pear to us under what, for binary double stars, we must call 
unusually large angles Each consists, moreover, of stars 
not very unequal in brightness, and in each both the stars 
are of a high yellow approaching to orange color, the smaller 
individual, in each case being also of a deeper tint What 
ever the diversity, therefore, which may obtain among other 
sidereal objects, tbeso would appear to belong to the same 
family or genus ** 

* S m Ur comb nat on* are very numerous. Many remarkable Instances 
oocur among Iho double stars catalogued by tha author m the 2d 3d 4 th 6th 
and 9th volumes of Trans Bov Ast Boc ana n the volume ol Southern tib er 

vat ona alreadr tated. Seo Nos 121 316 1066 1901 <030 2»6 -2244 2112 
3853 3925 3998 4000 4055 4196 4210 4615 4643 4765 6003 6012 of 
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(851 ) Many of tbe double stars exhibit the curious and 
beautiful phenomenon of contrasted or complementary col 
or * 11 In such instances, the larger star is usually of a 
ruddy or orange hue, while the smaller one appears blue 
or green, probably m virtue of that general law of optics, 
which provides, that when the retina is under tho influence 
of excitement by any bright, colored light, feebler lights, 
which seen alone would produce no sensation but of white 
ness, shall for the time appear colored with tbe tint comple 
mentary to that of the brighter Thus a yellow color pre 
dominating m the light of the brighter star, that of the less 
bright one in the same field of view will appear blue, while, 
if the tint of the brighter star verge to crimson, that of the 
other will exhibit a tendency to green — or even appear as a 
vivid green under favorable circumstances The former 
contrast is beautifully exhibited by t Cancn— the latter by 
y Andromedte,” both fine double stars If, however, the 
colored atar be much the less bright of the two, zt will not 
materially affect the other Thus, for instance, 17 Cassiopeiaj 
exhibits the beautiful combination of a large white Btar and 
a small one of a neb ruddy purple It is by no means how 
ever, intended to say that in all such cases one of the colors 
is a mere effect of contrast and it may be easier suggested 
in words, than conceived in imagination what variety of 
lttuwnnaVion iwo aims — a red and a green, or a yellow and a 

tbeee catalogues. The fine binary atar B A O No 4313 has ita constituents 
16 apart the one 6m. yellow the other 7m orange 

11 Other suns perhaps 

With the r attendant noons thou wilt descry 
Communicating mate and female I ght 

C vch two great ecxea animate the world) 

>d in each orb perhaps with some that 1 re. 

— Parodue lost viiL 148 

** thaemlL4li>)tx t*. draw, diuihl/t- Bftth.Ua. Ind.Tiihials.wi 

green a ■ milar combination with even more decided color* la presented by 
the double atar h. 881 
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Who one — must afford a planet circulating about either; and 
what charming contrasts and ‘'grateful vicissitudes”— a red 
and a greon day, for instance, alternating with a white one 
and with darkness — might arise from the presence or ab- 
eonco of ono or other, or both, above the horizon. Insu- 
lated stars of a red color, almost as deep os that of blood,” 
occur in many parts of the heavens, but no green or blue star 
(of any decided liue) has, we believe, ever been noticed un- 
associated with a companion brighter than itself. Many of 
the red stare are variable. 

(852.) Another very interesting subject of inquiry, in 
the physical history of the stars, is their proper motion. It 
was first noticed by Halley, that three principal stars, Sinus, 
Arcturus, and Aldebaran, are placed by Ptolemy, on the 
strength of observations made by Hipparchus, 180 years 
B C., in latitudes respectively 20', 22', and 88' more north • 
trly than he actually found them in 1717.” Making due 
allowance for the diminution of obliquity of the ecliptic m 
the interval (1847 years) they ought to have Btood, if really 
fixed, respectively 10’, 14', and O' more southerly Ab the 
circumstances of the statement exclude the supposition of 
error of transcription in tbe MSS , we are necessitated to 


*» The following are the It ascension* and N P distance* for 1830, of soma 
of the most remarkable of these sanguine or ruby stars 


R A. N P. D 
h. m b. 


E. A. V P D 

4 40 63 61 46 31 
4 61 61 106 2 4 
6 38 29 136 32 15 
0 27 56 162 2 48 
9-48 31 130 47 13 


10 63 10 107 24 40 
13 37 31 148 46 47 
16 29 44 122 2 0 
30 78 111 50 11 
21 16 3$ 48 22 40 


R A. if P D 

h. m a • ' " 

21 37 16 31 69 47 

21 37 20 62 64 47 

‘21 15 3T 48 8 12 


Of these No 6 (in order of right ascension) is In the same field of tiow with 
• Hydras et Cretans, and No 7, with P Cmait. No 3 {in the same order) la 
TSnaWe 

“ Phil Trans 1717, toL xxx. fol 736 
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admit a southward motion tn latitude in these stars to the 
very considerable extent, respectively, of 07 , 42 , and 83 , 
and this is corroborated by an observation of Aldebaran at 
Athena, tn the year A D 509, which star, on the 11th of 
March in that year, was seen immediately after its emer 
gence from occultation by the moon, in such a position as it 
could not have had if the occultation wero not nearly cen 
tral Now, from the knowledge wo have of the lunar mo 
tions, this could not have been the case had Aldebaran at 
that time so much southern latitude as at present A priori, 
it might be expected that apparent motions of some kind or 
other should be detected among so great a multitude of indi 
viduals scattered through space, and with nothing to keep 
them fixed Their mutual attractions even, however moon 
ceivably enfeebled by distance, and counteracted by oppos 
mg attractions from opposite quarters, must in the lapse of 
countless ages produce tame movements — some change of in 
ternnl arrangement — resulting from the difference of the op 
posing actions And it is a fact that Bnch apparent motions 
are really proved to exist by the exact obseri itions of mod 
ern astronomy Thus, as we have seen, the two stars of dl 
Cygni have remained constantly at the same, or very nearly 
the same, distance of 16' for at least fifty years past al 
though they have shifted their local situation in the hear 
ens, in this interval ol time, through no less than 4 23 , the 
annual proper motion of each star being 6' 3 by which 
quantity (exceeding a third of their interval) this system is 
every year carried bodily along in Borne unknown path by a 
motion which for many centuries most be regarded as uni 
form and rectilinear Among stars not double, and no way 
differing Irom the rest m any ofher obvious particular, cinch, "*■ 

11 D Arrest. Astr Nachr > 0 . 618 Argeisnder Do No 4 Tj 
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Groomb 1830, and n Cassiopeiro aro to bo remarked as 
having the greatest proper motions of any yet asccr 
tamed, amounting respectively to 7* 74, V 76 and 8' 74 of 
annual displacement And a great many others have been 
observed to bo thns constant!} earned away from their 
places bj smallor, but not less unequivocal motions '* 

(8o8 ) Motions which requiro whole centuries to accurnn 
lato before the} prodneo changes of arrangement such as 
the naked oyc can detect, though quite sufficient to destroy 
that idea of mathematical fixity which precludes specula 
tion, aro yet too tn fling, as far as practical applications go, 
to induce a change of language, and lead us to speak of the 
stars in common parlance as otherwise than fixed Small 
as the} are bowover astronomers onco assured of their 
reality, have not boon wanting in attempts to explain and 
reduce them to general laws No one who reflects with due 
attention on the subject will be inclined to deny the high 
probability nay certainty, that the sun as well as the stars 
must bnve a proper motion in some direction and the in 
evitable consequence of such a motion, if anparticipated by 
the rest must bo a slow average apparent tendency of all the 
stars to the vanishing point of lines parallel to that direc 
tion and to the region which he is leaving however greatly 
individual stars might differ from such average by reason of 
their own peculiar proper motion This is the necessary 
effect of perspective and it is certain that it must be de 
tected by observation if we knew accurately the apparent 
proper motions of all the stars and if we were sure that they 
were independent % e that the whole firmament or at least 


" The reader may consult a Jut of 314 ata a having or supposed to have 
a proper mot on of not les3 than about 0 5 of a great c rclo (per annum) by 
Iho late F Da ly Esq Trans Ast Soc v p 158 
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all that part which we see in oar own neighborhood, were 
not drifting along together, by a general set as it wore, in 
one direction, the result of unknown processes and stow in- 
ternal changes going on in the sidereal stratum to which our 
system belongs, as we see motes sailing in a current o! air, 
and keeping nearly the same relative situation with respect 
to one another. 

(854.) It wa3 on this assumption, tacitly made indeed, 
but necessarily implied in every step of his reasoning, that 
Sir William Herechel, in 1783, on a consideration of the 
apparent proper motions of such stare as could at that period 
be considered as tolerably (though still imperfectly) ascer- 
tained, arrived at the conclusion that a relative motion of 
the sun, among the fixed stars in the direction of a point or 
parallactic apex, situated near X Herculis, that is to say, 
in R. A. 17* 22-=260° 34', N. P. D. 63° 48' (1790), would 
account for the chief observed apparent motions, leaving, 
however, Borne still outstanding and not explicable by this 
cause; and in the same year.Prevost, taking nearly the same 
view of the subject, arrived at a conclusion as to the solar 
apex (or point of the sphere toward which the sun relatively 
advances), agreeing nearly in polar distance with the fore- 
going, but differing from, it about 27° in right ascension. 
Since that time methods of calculation have been improved 
and concinnated, out knowledge of the proper motions of 
the stars has been rendered more precise, and a greater num- 
ber of cases of such motions have been recorded The sub- 
ject has been resumed by several eminent astronomers and 
mathematicians: viz 1st, by 11. Argelander, who, from the 
consideration of the proper motions of 21 stars exceeding 1' 
per -annum m arc, has placed the solar apex in R. A. 256° 
25% N. P. D. 51° 23'; from those of 60 stars between 0* 5 
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and 1' 0, in 255° 10 , 51° 20 , and from those o£ 819 stars 
having motions between 0 f 1 and 0' 6 per annum in 261° 11', 
09° 2 , 2dly, by M Luhndahl, whose calculations, founded 
on the proper motions of 147 stars, give 252° 58 , 76° 84 , 
and, Sdly, by M Otto Struve, whose result, 261° 22 , 62° 24, 
emerges from a very elaborate discussion of the proper mo 
tions of 892 stars All these places are for A D 1790 
(855 ) The most probable mean of the results obtained 
by these three astronomers is (for the same epoch) E A s 
269° 9 N P D 65° 28 Their researches, however, ex 
tending only to stars visible in European observatories, 
it became a point of high interest to ascertain how far the 
Btara of the southern hemisphere not so visible treated mde 
pendently on the same system of procedure, would corrobo 
rate or controvert their conclusion The observations of 
Lacaille at the Cape of Good Hope in 1752 and 1752, 
compared with those of Mr Johnson at St Helena, in 
1829-33 and of Henderson at the Cape m 1830 and 1831, 
have afforded the means of deciding this question The 
task has been executed in a masterly manner by Mr Gal 
loway in a paper published in the Philosophical Transao 
tions for 1841 (to which we may also refer the reader for 
a more particular account of the bzstoiy of the subject than 
our limits allow us to give) On comparing the records, 
Mr Galloway finds eighty one southern stars not employed 
in the previous investigations above referred to, whose 
proper motions in the intervals elapsed appear consider 
able enough to assure us that they have not originated m 
error of the earlier observations Subjecting these to tho 
same process of computation he concludes for the place 
of the solar apex for 1790 as follows viz R A 260® 

1 , H P D 66° 87 , a result so nearly identical with that 
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afforded by the northern hemisphere, ns to afford ft fnll 
conviction of its near approach to troth, and what may 
fairly be considered a demonstration of the physical cause 
assigned. 

(856.) Of tho mathematical conduct of this inquiry the 
natoro of this work precludes our giving any account; but 
as the philosophical principle on which it is based has been 
misconceived, it is necessary to say a few words in explana- 
tion of it. Almost all the greatest discoveries in astronomy 
have resulted from the consideration of what we have else- 
where termed residual FIXEXOMEKA," of a quantitative or 
numerical kind, that is to say, of such portions of the 
numerical or quantitative resalts of observation as remain 
outstanding and unaccounted for after subducting and 
allowing for all that would result from the strict applica- 
tion of known principles. It was thus that the grand dis- 
covery of the precession of tho equinoxes resulted as a 
residual phenomenon, from the imperfect explanation of 
the return of the seasons by the return of the sun to the 
same apparent place among the fixed stars. Thus, also, 
aberration and natation resulted as residual phenomena 
from that portion of the changes of the apparent places 
of the fixed Btars which was left unaccounted for by pre- 
cession. And thus again the apparent proper motions of 
the stars are the observed residues of tbeit apparent move- 
ments outstanding and unaccounted for by strict calculation 
of the effects of precession, nutation, and aberration. The 
nearest approach which human theories can make to perfec- 
tion is to diminish this residue, this caput mortuum of obser- 
vation, as it may be considered, as much os practicable, 

” Dmcoureo on the Study of Natural Philosophy (1833). Cab. Cydopadia, 
No. 1*. 
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and, if possible, to reduce it to nothing, either by showing 
that something has been neglected m our estimation of 
known causes, or by reasoning upon it as a new fact, and 
on the principle of the inductive philosophy ascending 
from the effect to its cause or causes On the suggestion 
of any new cause hitherto unresorted to for its explanation, 
our first object must of course be to decide whether such 
a cause would produce such a result in fond the next, to 
assign to it suoh an intensity as shall account for the 
greatest possible amount of the residual matter in hand 
The proper motion of the sun being suggested as such a 
cause, we have two things disposable — its direction and 
velocity, both which it ia evident, if they ever become 
known to us at all, can only be so by the consideration of 
the very phenomenon in question Our object, of course, 
is to account, if possible, for the whole of the observed 
proper motions by the proper assumption of these elements 
If this be impracticable what remains unaccounted for is 
a residue of a more recondite kind, but which, so long as 
it ts unaccounted for, we must regard ns purely casual, 
seeing that, for anything we can perceive to the contrary, 
it might with equal probability be one way as the other 
The theory of chances, therefore, necessitates (as it does 
in all such cases) the application of a general mathematical 
process, known as “the method of least squares," which 
leads, as a matter of strict geometrical conclusion, to the 
values of the elements sought, which, under all the ctreum* 
stances, are the most probable 

(857 ) This is the process resorted to by all the geometers 
we have enumerated in the foregoing articles (arts 854, 855). 

It gives not only the direction in space, but also the velocity 
of the solar motion, estimated on a scale conformable to that 
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in which the velocity of the sidereal motions to he explained 
are given, i e in seconds of arc as subtended at the average 
distance of the stars concerned, by its annual motion in 
space But here a consideration occurs winch tends materi 
all) to complicate the problem, and to introduce into its 
solution an element depending on suppositions more or 
less arbitrary The distance of the Btars being, except 
m two or three instances, unknown, wo ore compelled 
either to restrict our inquiry to these, which are too few 
to ground any resalt on, or to mako some supposition as 
to the relative distances of the several stars employed 
Xu this we have nothing but general probability to guide 
us, and two courses only present themselves, either, 1st, 
To class the distances of the stars according to their mag 
mtndes or apparent brightnesses, and to institute separate 
and independent calculations for each class, including stars 
assumed to be equidistant or nearly so or 2dly, To cla«s 
them according to the observed amount of their apparent 
proper motions, on the presumption that those which appear 
to move fastest are really nearest to us The former is the 
course pursued by M Otto Struve the latter by M Ar 
gelander With regard to this latter principle of classifies 
tion however, two considerations interfere with its appli 
cabihty, viz 1st that we see the real motion of the stare 
foreshortened by the effect of perspective, and 2dly, that 
that portion of the total apparent proper motion which 
arises from the real motion of the sun depends, not simply 
on the absolute distance of the star from the sun, but also 
on its angular apparent distance from the solar apex, being, 
eceterts paribus as the sine of that angle To execute such 
a classification correctly, therefore we ought to know both 
these particulars for each star The first is evidently out 
Abtronosit— V ol xx — 14 
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of our reach "W e are, therefore, for that very reason, com 

pelled to regard it as casual, and to assume that on the 
average of a great number of stars it would be umnfiuential 
on the result But the second cannot be so summarily dis 
posed of By the aid of an approximate knowledge of the 
solar apex, it is true, approximate values may be found of 
the simply apparent portions of the proper motions, sup 
posing all the stars equidistant, and these being subducted 
from the total observed motions, the residues might afford 
ground for the classification in question *' This, however, 
■would be a long, and to a certain extent precarious system 
of procedure On the other hand, the classification by ap 
parent brightness is open to no such difficulties, since we 
are fully justified m assuming that, on a general average, 
the brighter stars are the nearer, and that the exceptions 
to this rule are casual m that sense of the word which it 
always bears in such inquiries, expressing solely our igno 
ranee or any ground for assuming a bias one way or other 
on either side of a determinate numerical rule In Mr Gal 
oway’s discussion of the southern stars the consideration 
of distance is waived altogether, which is equivalent to an 
admission of complete ignorance on this point, as well 
ns respecting the real directions and \elocities of the 
individual motions 

(858 ) The velocity of the solar motion which results 
from M Otto Struve’s calculations is such as would carry 
it over an angular subtense of 0' S392 if seen at right angles 
from the average distance of a star of the first magnitude 

** U. Argelandar’s clauses howerer »ro constructed without reference to 
tbU consideration on the foie baaa of the total apparent amount of proper 
motion and are therefore pro tanlo question able It is the more satisfactory 
then to Bod so considerable an agreement among his partial results as actually 
Obtains. 
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II we take, with M. Strove, senior, tlie parallax of such 
a star as probably equal to O' '209,” we shall at once bo 
enabled to compare this annual motion with the radios 
of the earth’s orbit, the result being 1*623 of such units. 
The sun then advances through space (relatively, at least, 
among the stars), carrying with jt the whole planetary and 
cometary Bystem with a velocity of 1*623 radii of the earth’s 
orbit,” or 154,185,000 miles per annum, or 422,000 miles 
(that is to say, nearly its own semidiameter) per diem: in 
other words, with a velocity a very little greater than one- 
fourth of the earth’s annual motion id its orbit. 

(859.) Another generation of astronomers, perhaps many, 
must pass away before we are iu a condition to decide from 
a more precise and extensive knowledge of the proper mo- 
tions of the stars than we at present possess, how far the 
direction and velocity above assigned to the solar motion 
deviates from exactness, whether it continue uniform, and 
whether it Bhow any sign of deflection from rectilinearity; 
sc as to bold out a prospect of one day being enabled to 
trace out on arc of the Bolar orbit, and to indicate the direc- 
tion in which the preponderant gravitation of the Bidereal 
firmament is urging the central body of our system. An 
analogy for such deviation from uniformity would seem 
to present itself in the alleged existence of a similar devia- 
tion in the proper motions of Sinus and Procyon, both 
which stare are considered to have vaned sensibly in this 
respect within the limits of authentic and dependable ob- 
servation. Such, indeed, would appear to be the amount 
of evidence for this as a matter of fact as to have given rise 


" Etudes d’Aetronomie Btellatre, p. 107 

•» Mr Airy (Mem Aat Boc. rrruu) makes this velocity materially greater. 
Bee however, Soto L. 
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to a speculation on the probable circulation of these stars 
round opaque (and therefore invisible) bodies at no great 
distances from them respectively, in the manner of binary 
stars [and it has been recently shown by M Peters (Ast 
Nachr 748) that, in the case of Sinus, such a circulation, 
performed in a period of 50 093 years in an ellipse whose 
excentncity is 0 7994, the perihelion passage taking place 
at the epoch A D 1791 431, would reconcile the observed 
anomalies, and reduce the residual motion to uniformity 
See Note J ) 

(860 ) The whole of the reasoning upon which the de 
termination of the solar motion m space rests, is based 
upon the entire exclusion of any law either denved from 
observation or assumed m theory, affecting the amount and 
direction of the real motions both of the sun and stars 
It supposes an absolute non recognition, in those motions, 
of any general directive cause, such as for example, a 
common circulation of all about a common centre Any 
such limitation introduced into the conditions of the prob 
lem of the solar motion would alter tn toto both its nature 
and the form o f its solution Suppose for instance that, 
conformably to the speculations of several astronomers, 
the whole system of the Milky 'Way, including our sun, 
and the stars, our more immediate neighbors, which consfci* 
tute our sidereal firmament, should have a general move 
ment of rotation in the plane of the galactic circle (any 
other would be exceedingly improbable, indeed hardly 
reconcilable with dynamical principles), being held to« 
gether in opposition to the centrifugal force thus generated 
by the mutual gravitation of its constituent stars Except 
we at the same time admitted that the scale on which this 
movement proceeds is so enormous that all the stars whoso 
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proper motions we include m oar calculations go together 
in a body, so far as that moiement is concerned (as forming 
too small an integrant portion of the whole to differ sensibly 
in their relation to its central point), we stand precluded 
from drawing any conclusion whatei er, not only respecting 
the absolute motion of iho sun, but respecting even its reh 
tive movement among those stare, until we baic established 
some law, or at all events framed some hj pothesia having 
the provisional force of a law, connecting the whole, or 
a part of the motion of each individual with its situation 
in space 

(861 ) Speculations of tins kind have not been wanting 
in astronomj, and recently an attempt has been made by 
M Madler to assign the local centre in space, round which 
the sun and stars revolve, whioh he places in the group of 
the Pleiades, a situation in itself utterly improbable, lying 
as it does no less than 26° out of the plane of the galactic 
circle, out of which plane it js almost inconceivable that any 
general circulation can take place In the present defective 
state of our knowledge respecting the proper motion of the 
smaller stars, especially in right ascension (an clement for 
the moat part far less exactly ascertainable than the polar 
distance, or at least which has been hitherto far less nccu 
rately ascertained), we cannot but regard all attempts of the 
kind as to a certain extent premature, though by no means 
to be discouraged as forerunners of something more deci 
sive The question, as a matter of fact, whether a rotation 
of the galaxy in its own plane exist or not might be at once 
resolved by the assiduous observation both in B A and 
polar distance of a considerable number of stars of the 
Milky Way, judiciously selected for the purpose, and in 
eluding all magnitudes, down to the smallest distinctly idea- 
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tifivblo, nnd capable of being observed with norma! nccu 
racy ami wo would rccommond the inquiry to the special 
attention of directors of permanent observatories, provided 
with adequate instrumental means, in both hemispheres 
Thirty or fort) years of observation persevering!/ directed 
to the object in mow, could not fail to sottlo the question " 
(8G2 ) The solar motion through space, if real and not 
simply relative, must gi\o mo to uranographical corrections 
analogous to parallax and aberration Tiio solar or system 
ntic parallax is no other than that part of the proper motion 
of each star which is simply apparent, arising from the sun’s 
motion, and until the distances of the stars be known, must 
remain inextricably mixed up with the other or real portion 
Tho systematic aberration, amounting at its maximum (for 
stars DO* from tho solar apex) to nbout G', displaces all the 
stars in great circles div erging from that apex through an 
gles proportional to tho sines of their respective distances 
from it This displacement, however, is permanent, and 
therefore uncogmzablc by any phenomenon so long as the 
solar motion remains invariable but should it m the course 
of ages, niter its direction and velocity, both the direction 
and amount of tho displacement in question would alter with 
it The change, however, would become mixed up with 
other changes in the apparont proper motions of the stars, 
and it would seem hopoless to attempt disentangling them 
(863 ) A singular, and at first sight paradoxical effect of 
the progressive movement of light combined with the 


" An examination of the proper motions of the stars of the B Asaoc. Catal. 
fa the portion of the Milky Way nearest either pole (where the mor on should 
be almost wholly In B A ) indicates no distinct symptom of such a rotation. If 
the question be taken up fundamentally it Will inroire a redetermination from 
the recorded proper motions both of the precession of the equinoxes and tha 
change of obliquity of tho ecliptic. 
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proper motion of the stars, is, that it alters the apparent 
periodic time in which the individuals of a binary star cir 
culate about each other " To make this apparent, suppose 
them to circulate round each other m a plane perpendicular 
to the visual ray in a period of 10,000 days Then if both 
the sun and the centre of gravity of the binary system re 
mained fixed in space, the relatn e apparent situation of the 
stars would be exactly restored to its former state after the 
lapse of this interval, and if the angle of position were O’ at 
first, after 10,000 days it would again be so But now sup 
pose that the centre of gravity of the star were in the act of 
receding in a direct line from the sun with a velocity of one 
tenth part of the radius of the earth’s orbit per diem Then 
at the expiration of 10 000 days it would be more remote 
from us by 1000 such radii, a space which light would re 
quire 5 7 days to traverse Although really, therefore the 
Btara would have amved at the position 0° at the exact ex 
pi rati on of 10,000 days it would require 6 7 days more for 
the notice of that fact to reach our system In other words, 
the period would appear to os to be 10 005 7 days, since wo 
could only conclude the period to be completed when to 
us as observers the original angle of position was again re 
stored A contrary motion would produce a contrary effect 


* Astronomlsche Nichnchlen No 620 by the Author 
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CHAPTER XVII 

OF CLUSTERS OF STARS AND NEBULAS 

Oi Cluttering Groups ol Stare — 0 lobular Clusters — The r Stability Dyotunl 
call/ Poesiblo — List of the roost Remarkable — ClaMfflcallon ot Nebulas 
and Clusters — Their Distribution over tho II eayens— Irregular Clusters 
— -RoaoWablllty ol Nebula-— Theory of the Formation of Clusters by 
Nebulous Subsidence — Of Elliptic Nebula — That of Andromeda — An 
noliu and Planetary Nebula? — Do ibte Nebulas — Vebuto s Stars — Coo 
noctlon ol Nebula? with Double Stars— Insulated Nobubo of Forms 
not Wholly Irregtlar — Of Amorplous Nebulas— The r Law of D strf 
bntloa Darks thorn as Outliers ot the Galaxy — Nebula? and Nebulous 
Oroup of Or on — Of Argo— OX Sagittarius— Of Cygmi*— Tho Wage! 
tank Clouds — Singular Nebuta In tho Greater of Thera— Variable 
Nobubc — The Zodocat Light— Shooting Stare — Speculations on the 
Dynam cal Origin ot the Sun a Ileru 

(861 ) "When we cast our eyes over the concave of the 
heavens in a cleir mgbt wo do not fail to observe that here 
and there are groups of Btars which seem to bo compressed 
together in a more condensed manner than m the neighbor 
ing parts, forming bright patches and clusters, which attract 
attention, as if they were there brought together by some 
general cause other than basual distribution There is a 
group called the Pleiades, in which six or seven stars may 
be noticed 2f the eye be directed full upon it and many more 
if the eye be turned carelessly aside while the attention is hepfc 
directed upon tho group Telescopes show fifty or sixty 

It la & very remarkable fact that the centre ol the v sual area ia far leas 
seua ble U> feeble impress ona of 1 ght tl an the exterior portions of the ret na. 
Few persons are aware of the extent to which th a core para tire /nsens'tnbty 
extends previous to trial To eat mate it let tho reader look alternately full at 
a iftSrr ot tits tfiViY tosgft lad# beads ft w ebseee sjsvftf brfgbrt Ml 

about 3* or 4* apart, and look f» 1 at coo of Item the probabil ty ia he w 31 see 
only the other The fact accounts for the multitude of stars with wh cb we are 
impressed by a general view of the heavens the r pauc ty when we come to 
count them 
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large stars thus crowded together in a veiy moderate space, 
comparatively insulated from the rest oC the heavens The 
constellation called Coma Berenices is another such group, 
more diffused, and consisting on the whole of larger stars 
(805 ) In the constellation Cancer, there is a somewhat 
similar, but less definite, luminous spot, called Pnesepe, or 
the bee hive, which a very moderate telescope— an ordinary 
night glass, for instance — resolves entirely into stars In 
the sword handle of Persons, also, is another such spot, 
crowded with stars, which requires rather a better tele 
scope to resolve into indiuduals separated from each other 
These are called clusters of stars, and, whatever be their 
nature, it is certain that other laws of aggregation subsist in 
these spots, than those which have determined the scatter 
ing of stars over the general surface of the sky This con 
elusion is still more strongly pressed upon us, when we 
come to bnng very powerful telescopes to bear on these 
nod Bimilar spots There ore a great number of objects 
whioh have been mistaken for comets and, in fact, have 
very much the appearance of comets without toils small 
round, or oval nebulous specks, which telescopes of moder 
ate power only show as such Messier ha9 given, in the 
Connois des Temps for 1784, a list of the places of 103 ob 
jects of this sort, which all those who search for comets 
ought to be familiar with, to avoid being misled by their 
similarity of appearance That they are not, however, com 
ets, their fixity sufficiently proves, and when we come to 
examine them with instruments of great power — such as re 
Sectors of eighteen inches, two feet, or more in aperture— 
any such idea is completely destroyed They are then, for 
the moat part, perceived to consist entirely of stars crowded 
together so as to occupy almost a definite outline, and to 
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run up to a blaze of light in the centre, where their conden 
sation is usually the greatest (See Jig 1, Plate II , which 
represents (somewhat rudely) the thirteenth nebula of if eg 
sier’s list (described by him as nibu lev se sans iioxU. 5 ), as seen 
m a reflector of 18 inches aperture and 20 feet focal length ) 
Many of them, indeed, are of an exactly round figure, and 
convey the complete idea of a globular space filled full of 
stars, insulated in the heavens, and constituting in itself a 
family or society apart from the rest, and subject only to its 
own internal laws It would be a vain task to attempt to 
count the stars m one of these globular clusters They arc 
not to be reckoned by hundreds, and on a rough calcula 
tion grounded on the apparent intervals between them at 
the borders and the angular diameter of the whole group, 
it would appear that many clusters of this description must 
contain, at least five thousand stars, compacted and wedged 
together in a round space whose angular diameter does not 
exceed eight or ten minutes that is to sa} , xn an area not 
more than te tenth part of that cohered bj the moon 

(8G6 ) Perhaps it may be thought to savor of the gigan 
te**quo to look upon the individuals of such a group as buds 
like our own, and their mutual distances ns equal to thoso 
which separate our sun from tbo nearest fixed star yet, 
when we consider that their united lustre affects the evo 
with a less impression of light t2i«n ft stir of the fourth mig 
mtude (for the largest of the«e clusters is barely tisiblo to 
the naked eye) the idea we ore thus compelled to form of 
their distance from us mav prepare us for almost any call 
mate of their dimensions At nil oionts we con Imnllr 
look upon a group thus insulated thus in »« tohi* tmi, 
atpie rotundus as not forming a avatem of a peculiar and 
tit Quito character Their round figure clearly indicates the 
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existence of some general bond of union in the nature of an 
attractive force, and, m many of them, there is an evident 
acceleration in the rate of condensation as we approach the 
centre, which is not referable to a merely uniform distnbu 
tion of equidistant stare through a globular space, but marks 
an intrinsic density in their Btate of aggregation, greater m 
the centre than at the surface of the mnss It is difficult 
to form any conception of the dynamical state of such a sys 
tem On the one hand, without a rotatory motion and a 
centrifugal force, it is hardly possible not to regard them as 
in & Btate of progressive collapse On the other, granting 
such a motion and Buch a force, we find it no leas difficult 
to reconcile the apparent sphericity of their form with a 
rotation of the whole system round any single axis, without 
which internal collisions might at first sight appear to be in 
evitable If we suppose a globular space filled with equal 
stare, uniformly dispersed through it, and very numerous, 
each of them attracting every other with a force inversely as 
the square of the distauce, the resultant force by which any 
one ol them (those at the Burface alone excepted) will be 
urged, m virtue of their joint attractions, will be directed 
toward the common centre of the sphere and will be di 
rectly as the distance therefrom This follows from what 
Newton baa proved of the internal attraction of a homogene 
ous sphere (See also note on art 735) Now, under such 
a law of force, each particular star would describe a perfect 
ellipse about the common centre of gravity as it3 centre, and 
that , m whatever plane and whatever direction it might re 
volve The condition, therefore, of a rotation of the cl us 
ter, as a mass, about a single axis would be unnecessary 
Each ellipse, whatever might be the proportion of its axis, 
or the inch nation of its plane to the others, would be invari 
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fiblo in eicry particular, and all would bo described m one 
common pcnod, so that at tho end of every such period, or 
annus magnus of the system, every star of the cluster (ex- 
cept the superficial ones) would bo exactly to established in 
its original position, thence to Bet out afresh, and run the 
same unvarying round for an indefinite succession of ages 
Supposing their motions, therefore, to bo so adjusted at any 
ono moment ns that the orbits should not intersect each 
other, and so that tho mngnitudo of each star, and the sphere 
of its more intense attraction, should bear bat a small pro 
portion to the distance separating the individuals, snch a 
system, it is obvious, might subsist, and realize, m great 
measure, that abstract and ideal harmony, which Newton, 
in the 89th Proposition of tho First Book of the Pnnctpta , 
has shown to characterize o law of force directly as the dis 
tance * 

(867 ) The following are the places, for 1 880, of the 
principal of these remarkable objects, as specimens of 
their class 



Of these by far the most conspicuous and remarkable 
is w Centaur i , the fifth of the list m order of right ascen 
Sion It is visible to the naked eye as a dim round cometic 
object about equal to a star 4 6m , though probably if con 


* See s!*o Quarterly Review 2 To Si p. £40 
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centred in n single point, the impression on the eyo would 
be much greater Viewed m a powerful telescope it appears 
as a globo of folly 20 in diameter, \ erj gradually increasing 
in brightness to the centre, and composed of innumerable 
stars of the 13th ami 15th magnitudes (the former probably 
being two or more of tho latter closely -juxtaposed) The 
11th in order of the list (It A 16‘ SS") is also visible to tho 
naked eve in tery fine nights, between ami C Uercuhs, and 
is a superb object in a large telescope Both were diseov 
crcd by ITallev, tho former in 1077 and tho latter in 1714 
(868 ) It is to Sir William Herschel that we owo the 
most complcto analysis of the great variety of those oh 
jects which arc generally classed under the common head 
of Nebulas, but which have been separated by him into— 
1st Clusters of stars, m which the stars aro clearly dutm 
gmshable, and these, again, into globular and irregular 
clusters, 2d Resolvable nebulas, or such as excite a bus 
picion that they consist of Btars, and which any increase 
of the optical power of the telescope may he expected to 
resolve into distinct stars, 8(1 Nebulas, properly so called, 
in which there is no appearance whntevcr of stars, which 
again, have been subdivided into subordinate classes ac 
cording to their brightness and size 4th Planetary nebulas 
6th Stellar nebula; and 6th Nebulous stars Tho great 
power of his telescopes disclosed the existence of an im 
mense number of these objects before unknown, and showed 
them to be distributed over the heavens not by any means 
uniformly, but with a marked preference for a certain dis 
inct, extending over the northern pole of the galactic circle, 
and occupying the constellations Leo Leo Minor, the body, 
tail, and hind legs of Ursa Major Canes Venotiei, Coma 
Berenices, the preceding leg of Bootes, and the head, wings, 
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and shoulder of Yirgo In this region, occupying about 
one eighth of the whole surface of the sphere, one third 
of the entire nebulous contents of the heavens are congre 
gated On the other hand, they are very sparingly scattered 
over the constellations Aries, Taurus, the head and shoul 
ders of Onon, Auriga, Perseus, Camelopardalus, Draco, 
Hercules, the northern part of Serpentanus, the tail of 
Serpens, that of Aquila, and the whole of Lyra The hours 
8, 4, 5, and 16, 17, 18, of right ascension in the northern 
hemisphere are singularly poor, and, on the other hand, 
the hours 10, 11, and 12 (but especially 12), extraordinarily 
rich in these objects In the southern hemisphere a much 
greater uniformity of distribution prevails, and with excep 
tion of two very remarkable centres of accumulation, called 
the Magellanic clouds (of which more presently), there is 
no very decided tendency to their assemblage in any par 
ticular region 

(869) Clusters of stars are either globular, such as we 
have already described, or of irregular figure These latter 
are, generally speaking, less rich in stars, and especially 
less condensed toward the centre They are also less defi 
nite in outline, ao that it is often not easy to say where 
they terminate, or whether they are to be regarded other 
wise than as merely richer parts of the heavens than those 
around them Many, indeed the greater portion of them, 
are situated in or close on the borders of the Milky Way 
In Borne of them the stare are nearly all of a size, in others 
extremely different, and it is no uncommon thing to find 
a very red star much brighter than tho rest, occupying a 
conspicuous situation in them Sir William Herschel re 
gards these as globular clusters m a less advanced state of 
0005603,11100, conceiving all such groups as approaching, 
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by their mutual attraction, to the globular figure, and 
assembling themselves together from all the surrounding 
region, under laws of which we hove, it is true, no other 
proof than the observance of a gradation by which their 
characters shade into one another, so that it is impossible 
to Bay where ono species ends and the other begins Among 
the most beautiful objects of thi3 class is that which snr 
rounds the star * Cracis, set down as a nebula b) Lacaille 
It occupies an area of about one 48th part of a square de 
gree, and consists of about 110 stars from the 7th magmtndo 
downward, eight of the more conspicuous of which nro 
colored with various shades of red, green, and blue, so as 
to give to the whole the appearance of a neb piece of 
jewelry 

(870) Rc a ohal>lo nebulro can of course, only bo con 
eidered ns clusters cither too remote, or consisting of stars 
intrinsically too faint to affect us by their individual light, 
unless where two or three happen to be close enough to 
make a joint impression, and give the idea of a point 
brighter than the rest They are almost umv ersally round 
or oval — their loose appendages and irregularities of form, 
being ns it were extinguished by the distance and the only 
general figure of the more condensed parts being discernible 
It is under the appearance of objects of this character that 
all the greater globular clusters evhibit themselves in tel 
cscopc8 of insufficient optical power to show them well, 
and the conclusion is obvious that those which the most 
powerful can barely render resolvable, and even those 
which, with Bach powers as are usually applied, show no 
sign of being composed of stars, would be completely re 
solved by a further increase of optical power In fact, this 
probability has almost been converted into a certainty by 
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the magnificent reflecting telescope constructed by Lord 
Eosse, of six feet in aperture, which has resolved or ren 
dered resolvable multitudes of nebulae which had resisted 
all inferior powers The sublimity of the Bpectacle afforded 
by that instrument of some of the larger globular and other 
clusters enumerated in the list given m art 867, is declared 
by all who have witnessed it to be such as no words can 
express 

(871 ) Although, therefore, nebulas do exist, which even 
in this powerful telescope appear as nebulas, without any 
sign of resolution, it may vei y reasonably be doubted 
whether there be really any essential physical distinction 
between nebulte and clusters of stars, at least in the nature 
of the "matter of which they consist/ and whether the dis 
tinction between such nebulas as are easily resolved, barely 
resolvable with excellent telescopes, and altogether irre 
solvable with the best, be anything else than one of degree, 
arising merely from the excessive minuteness and multitude 
of the stars, of which the latter, as compared with the 
former, consist The first impression which Halley, and 
other early discoverers of nebulous objects received from 
their peculiar aspect, so different from the keen, concen 
trated light of mere stars, was that of a phosphorescent 
vapor (like the matter of a comet s tail) or a gaseous and 
(so to speak) elementary form of luminous sidereal matter * 
Admitting the existence of such a medium, dispersed in 
some cases irregularly through \ast regions m space, m 
others confined to narrower and more definite limits Sir 
W Herschel was led to speculate on its gradual subsidence 
and condensation by the effect of its own gravity, into 
more or leas regular spherical or ephoroidal forms, denser 


* See Note K. 


* Halley, Plal Trana. uix. p 390 
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(as they must m that case bo) toward the centre Assuming 
that in tho progress of this subsidence, local centres of con 
densation, subordinate to the general tendency, would not 
be wanting, he conceived that in this way solid nuclei 
might arise, whose local gravitation still further condens 
ing and so absorbing the nebulous matter, each in its 1 m 
mediate neighborhood, might ultimately become stars, and 
the whole nebula finally take on the state of a cl aster of 
stars Among the multitude of nebulas revealed by his 
telescopes, every stage of this process might be considered 
ns displayed to our eyes, and in every modification of form 
to which the general principle might be conceived to apply 
The more or les3 advanced Btate of a nebula toward itB 
segregation into discrete stars, and of these stars them 
selves toward a denser state of aggregation ronnd a central 
nucleus, would thus be in some sort an indication of age 
Neither is there any variety of aspect which nebul® offer, 
which stands at all m contradiction to this view Even 
though we should feel ourselves compelled to reject the idea 
of a gaseous or vaporous nebulous matter, it loses little 
or none of its force Subsidence and the central aggrega 
tion consequent on subsidence may go on quite as well 
among a multitude of discrete bodies under the influence 
of mutual attraction, and feeble or partially opposing pro 
jeetde motions, as among the particles of a gaseous fluid 
(872 ) The * nebular hypothesis as it has been termed, 
and the theory of sidereal aggregation stand m fact quite 
independent of each other the one as a physical concep 
ttou of processes which may yet for aught we know, have 
formed part of that mysterious chain of causes and effects 
antecedent to the existence of separate self luminous solid 
bodies, the other, as an application of dynamical principles 
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to cases of a very complicated nature no doubt, but in which 
the possibility or impossibility, at least, of certain general 
results may be determined on perfectly legitimate pnnei 
plea Among a orowd of solid bodies of whatever size, 
animated by independent and partially opposing impulses, 
motions opposite to each other must produce collision, de 
struction of velocity, and subsidence or near approach 
toward the centre of preponderant attraction, while those 
which conspire, or whioh remain outstanding after such 
conflicts, must ultimately give rise to circulation of a per 
manent character ‘Whatever we may think of such colli 
sions as events, there is nothing in this conception contrary 
to sound mechanical principles It will be recollected that 
the appearance of central condensation among a multitude 
of separate bodies m motion, by no means implies per 
manent proximity to the centre in each any more than 
the habitually crowded state of a market place, to which 
a large proportion of the inhabitants of a town must fre- 
quently or occasionally resort, implies the permanent resi 
dcnce of each individual within its area It is a fact that 
clusters thus centrally crowded do exist, and therefore the 
conditions of their existence must be dynamically possible, 
and m what has been said we may at least perceive some 
glimpses of the manner in which they are so The actual 
intervals between the stars, even m the most crowded parts 
of a resolved nebula, to be seen at all by us, must be enor 
rnous Ages, which to us may well appear indefinite, may 
easily be conceived to pa93 without a single instance of 
collision, in the nature of a catastrophe Such may have 
gradually become rarer as the system has emerged from 
what must be considered its chaotic state, till at length, m 
the fulness of time, and under the prearranging gmdanco 
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of that Design - which pervades universal nature, each indi- 
vidual may have taken up Bach a course as to annul the 
possibility of further destructive interference. 

(873.) But to return from the regions of speculation to 
the description of facts. Next in regularity of form to the 
globular clusters, whose consideration has led us into this 
digression, are elliptic nebulce, more or less elongated. 
And of these it may be generally remarked, as a fact un- 
doubtedly connected in some very intimate manner with 
the dynamical conditions of their subsidence, that such 
nebulro are, for the most part, beyond comparison more 
difficult of resolution than those of globular form. They 
are of all degrees of excentricity, from moderately oval 
forms to ellipses so elongated as to bo almost linear, which 
arc, no doubt, edge-views of very flat ellipsoids. In all of 
them the density increases toward the centre, and as a gen- 
eral law it may bo remarked that, bo far as we can judge 
from their telescopic appearance, their internal strata ap- 
proach more nearly to the spherical form than their exter- 
nal. Their resolvability, too, is greater in the central parts, 
whether owing to a real eupenonty of Bize in the central 
Btars or to the greater frequency of cases of close juxta- 
position of individuals, so that two or three united appear 
as one. In Borne the condensation is slight and gradual, in 
others great and sudden; so sudden, indeed, as to offer the 
appearance of a dull and blotted star, standing in the midst 
of a faint, nearly equable elliptic nebulosity, of which two 
remarkable specimens occur in It A. 12 h 10“ 33‘, N. P. D. 
41° 46’, and in 13" 27“ 28', 119° O' (1830) 

(874 ) The largest and finest specimens of elliptic nebul® 
which the heavens afford are that in the girdle of Androm- 
eda (near the star v of that constellation) and that discov- 
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ered in 1783, by Miss Carolina Hersche], ibB A. O 4 39" 12’, 
N P. D 116° 33 The nebula id Andromeda (Plate IL 
fiS 3) is visible to the naked eye, and is continually mis 
taken for a comet by those unacquainted with the heavens. 
Simon Manna, who noticed it in 1612 (though it appears also 
to have been seen and described as oval, in 995), describes 
its appearance as that of a candle shining through horn, and 
the resemblance is not inapt. Its form, as seen through or 
dinary telescopes, is a pretty long oval, increasing by insen 
Bible gradations of brightness, at first very gradually, but at 
last more rapidly, up to a central point, which, though very 
much brighter than the rest, is decidedly not a star, but 
nebula of the same general character with the rest in a state 
of extreme condensation Casual stars are scattered oyer it, 
but with a reflector of 18 inches in diameter, there is noth 
ing to excite any suspicion of its consisting of stars Ex- 
amined with instruments of superior defining power, how- 
ever, the evidence of its resolvability into stars may be 
regarded as decisive Mr G P Bond, assistant at the ob- 
servatory of Cambridge, U S , describes and figures it as 
extending nearly 2}° in length, and upward of a degree in 
breadth (so as to include two other smaller adjacent nebulae), 
of a form, generally speaking, oval, but with a considerably 
protuberant irregularity at its north following extremity, 
very suddenly condensed at the nucleus almost to the sem- 
blance of a star, and though not itself clearly resolved, yet 
thickly sown over with visible minute stars, so numerous as 
to allow of 200 being counted within a field of 20 diameter 
in the richest parts But the most remarkable feature in his 
description is that of two perfectly straight, narrow, and 
comparatively or totally obscure streaks which run nearly 
the whole length of one side of the nebula, and (though 



OUTUXES OF ASTRO xoinr 


701 


slightly divergent from each other) nearly parallel to its 
longer axis. These streaks (which obviously indicate a 
stratified structure in the nebula, if, indeed, thoy do not 
originate in the interposition of imperfectly transparent mat 
ter between us and it) are not seen on a general and cursory 
view of the nebula; thoy require attention to distinguish 
them,* and this circumstance must bo borne in mind when 
inspecting the very extraordinary engraving which iltus 
trate3 Mr. Bond’s account. The figure given in our Plato 
11. Jig. 8, is from a rather hasty sketch, and makes no pre- 
tensions to exactness. A similar, but much more strongly 
marked case of parallel arrangement than that noticed by 
Mr. Bond in this, ia one in which the two semiovals of an 
ellipticaUy formed nebula appear cut asunder and separated 
by a broad obaenro band parallel to the longer axis of tho 
nebula, in the midst of which a faint streak of light parallel 
to the Bides of tho cut appears: it is seen in tho southern 
hemisphere in R A. 13* 16- 31\ N P. D. 132° 8’ (1830). 
The nebulas in 12* 27- 3-, 63° 6', and 12* 31- 11*, 100° 40' 
present analogous features 

(875.) Annular nebulm also exist, but aro among the 
rarest objects in the heavens The most conspicuous of 
this class is to be found almost exactly half way between 
P and r Byras, and may bo seen with a telescope of moderate 
power. It is small and particularly well defined, so as to 
have more the appearance of a flat oval solid ring than 
of a nebula The axes of the ellipse are to each other in 
the proportion of about 4 to 5, and the opening occupies 
about half or rather more than half the diameter. Tho 
central vacuity is not quite dark, but is filled in with faint 
nebula, like a gauze stretched over a hoop The powerful 
* Trans. American Acad., Tol. Id. p. 80. 
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telescopes of Lord Bosso resolve this object into excessively 
minute stare, and show filaments of stars adhering to its 
edges ' 

(876 ) Planetary nebulae are very extraordinary ob 
jects They have, as their name imports, a near, m some 
instances, a perfect resemblance to planets, presenting disks 
round, or slightly oval, in some quite sharply terminated, 
in others a little hazy or softened at the borders. Their 
light is in some perfectly equable, in others mottled and of 
a very peculiar texture , as if cnrdled They are compara- 
tively rare objects, not above four or five and twenty hav- 
ing been hitherto observed, and of these nearly three- 
fourths are situated m the southern hemisphere Being 
very interesting objects we subjoin a list of the most re 
markable ' Among these may be more particularly speci- 
fied the sixth in order, situated in the Cross Its light is 
about equal to that of a star of the 6 7 magnitude, its diam 
eter about 12', ita disk circular or very slightly elliptic, 
and with a clear, sharp, well defined outline, having exactly 
the appearance of a planet with the exception only of its 


* The places of some remarkable annular nebula (for 1830) are. 


R A N V 

1 10* 16® 36* lOt’ 

2 52 42 52 47 

4 17 10 39 128 


D R A 

48 4 17» 19® 2> 

67 6 IB 47 13 

18 6 20 9 33 


HP D 
113* 31* 
67 11 

69 57 


’ Places for 1830 of twelve of the most remarkable planetary nebufe 


R A N V D 


h id s * ' 

1 7 34 2 104 20 

2 9 16 39 147 35 

3 9 59 62 129 36 

4 10 16 36 107 47 


R A N P p| 


h n t * 

6 11 4 49 34 4 

6 11 41 66 146 14 

7 15 6 18 135 1 

8 19 10 9 S3 46 


R. A N P D 


h. m e " ' 
9 19 34 31 104 33 

10 19 40 19 39 54 

11 20 54 83 103 3 

12 23 17 44 48 24 
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color, which is a fine and fall blao verging somewhat upon 
gTeen. And it i3 not a little rem&rkablo that this phenom- 
enon of a bine color, which is eo rare among stars (except 
when in the immediate proximity of yellow stars) occurs, 
though leas strikingly, in three other objects of this class, 
viz. in No. 4, whose color is sky-bine, and in Noa. 11 and 
12, where the tint, though paler, is Btill evident. Nos. 2, 
7, 9, and 12, are also exceedingly characteristic objects 
ol this class. Nos. 8, 4, and 11 (the latter in the parallel 
of * Aquarii, and about 6“ preceding that star), are con- 
sidcrably elliptic, and (respectively) about 88*, 80' and 15' 
in diameter. On the disk of No. 8, and very nearly in the 
centre of the ellipse, is a star 9m, and the texture of its 
light, being velvety, or as if formed of fine dost, clearly 
indicates its rcsblvability into stars The largest of these 
objects is No. 6, situated somewhat sonth of the parallol 
of p Unuo Majoris and about 12“ following that star. Its 
apparent diameter is 2' 40', which, supposing it plnced at 
a distance from ua not more than that of 61 Cygni, would 
imply a linear one seven times greater than that of the orbit 
of Neptune. The light of this stupendous globe is perfectly 
equable (except just at the edge, where it 13 slightly soft- 
ened), and of considerable brightness. Such an appearance 
would not be presented by a globular space uniformly filled 
with stars or luminous matter, which structure would nec- 
essarily give rise to an apparent increase of brightness 
toward the centre in proportion to the thickness traversed 
by the visual ray. We might, therefore, be induced to con- 
elude its real constitution to be either that of a hollow 
spherical shell or of a flat disk, presented to us (by a highly 
improbable coincidence) in a plane precisely perpendicular 
to the visual ray. 
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(877.) 'Whatever idea we may form of the real nature of 
such a body, or of the planetary nebulte in general, which 
all agree in the absence of central condensation, it is evident 
that the intrinsic splendor of their surfaces, 1 / continuous, 
must be almost infinitely less than that of the sun A oir 
cular portion of the sun’s disk, subtending an angle of 1', 
would give a light equal to that of 780 full moons, while 
among all the objects m question there is not one which can 
be seen with the naked eye AT Arago has surmised that 
they may possibly be envelopes shining by reflected light, 
from a solar body placed in their centre, invisible to us by 
the effect of its excessive distance, removing, or attempting 
to remove the apparent paradox of such an explanation, by 
the optical principle that an illuminated surface is equally 
bright at all distances, and, therefore, if large enough to 
subtend a measurable angle, can be equally well seen, 
whereas the central body, subtending no such angle, has 
its effect on our sight diminished in the inverse ratio of 
the square of its distance * The immense optical powers 
applied by Lord Rosse and Mr Lassell to the examination 
of these enigmatical objects have hitherto only added to 
the mystery which hangs aboat them, by disclosing caprices 
of structure in several of them of the most extraordinary 
nature * 

(87 8 ) ^Double nebul® occasionally occur — and when such 


* With due deference to so high a 1 authority wo must demur to the eonclu 
8 on Even supposing the en eiope to reflect and realtor (equally in all direo- 
tiona) half the 1 ght of the central sun the portion of the light so scattered 
wh ch would fall to our eharo could not exceed tho remain!! g half which that 
sun itself would still send to era by direct nidation But this ex hypctAesi is 
too small to affect the eye with any luminous perception when concentrated 
in a point much less then co ltd It do ao It spread crer a surface many million 
tmea exceeding m angular area the apparent dak of tho central sen Itself. 
(See Anuualra du Bureau dee Longitude*. ISIS p. 400 410 411 ) 

* See the figures In their papers Ph I Tran a. 1850 ai d 1SC1, and Mem AaL 
Soe vol xxx ri 
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is "the case, tho constituents most commonly belong to the 
class of spherical nebulae, and aro in some instances un- 
doubtedly globular clusters. All tho varieties of double 
stars, in fact, &s to distance, position, and relative bright - - 
nesa, have their counterparts in double nebulio; besides 
which the varieties of form and gradation of light in the 
latter afTord room for combinations peculiar to this class 
of objects. Though the conclusive evidence of observed 
relative motion be yet wanting, and though from the vast 
Beale on which Buch systems are constructed, and the prob- 
able extreme slowness of the angular motion, it may con- 
tinue for ages to be so, yet it is impossible, when we cast 
our eyes upon such objects, or on the figures which have 
been given of them," to doubt their physical connection. 
The argument drawn from the comparative ranty of tho 
objects in proportion to the whole extent of the heavens, 
so cogent in the case of the double stars, is infinitely more 
so in that of the double nebulas. Nothing more magnificent 
can be presented to our consideration, than such combina- 
tions. Their stupendous scale, the multitude of individuals 
they involve, the perfect symmetry and regularity which 
many of them present, the utter disregard of complication 
in thus heaping together system upon system, and con- 
struction upon construction, leave us lost m wonder and 
admiration at the evidence they afford of infinite power 
and unfathomable design. 

(879.) Nebnlie of regular forms often stand in marked 
and symmetrical relation to stars, both single and double 
Thus we are occasionally presented with the beautiful and 
striking phenomenon of a sharp and bnlhant star concen- 
trically surrounded by a perfectly circular disk or atmos- 

“ Phil Traoa. 1833, Plato vii 

ASTEOSOUT— Vol. XX— 15 
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pbcre of faint light, m some case 1 * dying array insensibly 
on all aides, in others almost suddenly terminated These 
are Nebulous Stars Fine examples of this kind are the 
45th and 69th nebulte of Sir^Wm Herschel's fourth class'* 
(R A 7* 19* 8% N P 3) 68° 45 , and S' 68* 86‘, 59° 40*) m 
which stars of the 8th magnitude are surrounded by photo 
Bpheres of the kind above described respectively of 12* and 
25* in diameter Among stars of larger magnitudes 65 
Andromeda) and 8 Canum Venaticorum may be named 
as exhibiting the same phenomenon with more brilliancy, 
but perhaps with leas perfect regularity 

(880 ) The connection of nebulte with double stars is m 
many instances extremely remarkable Thus in R A 18* 
7“ 1*, N P D 100* 66 , occurs an elliptic nebula having 
its longer axis about 60*, in which, symmetrically placed, 
and rather nearer the vertices than the foci of the ellipse, 
are the equal individuals of a double star, each of the 10th 
magnitude In a similar combination noticed by M Struve 
(in R A 18' 26“ N P D 25* T), the Btars are unequal and 
situated precisely at the two extremities of the major axis 
In R A 18' 47" 33 , N P D 129° 9 , an oval nebula of 2 
in diameter has very near its centre a close doable star 
the individuals of which, slightly unequal, and about the 
9 10 magnitude are not more than 2* asunder The nucleus 
of Messier s 64th nebula is strongly suspected ’ to be a 
close double star — and several other instances might be cited 


1 The classes here referred to are not the species deser bed in art 868 hue 
1 sts of nebulas e ght in number arranged accord ng to brightness she, dens ty 
of cluster ng etc m one or other of wh ch all i ebulas were ong nally classed 
by him Class L conta ns Bright nebulas If Pa nt do HI Very 

fa nt. do fV Planetary nebula? stars w th; bars m Iky ottevehires short 
rays remarkable shapes etc V Very large nebulas VI Very com 
pressed r ch clusters VIL Pretty much compressed do VIH Coarsely 
scattered clusters 
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(881 ) Among the nebulas which, though deviating more 
from symmetry of form, are yet not wanting in a certain 
regularity of figure, and which seem clearly entitled to bo 
regarded as systems of a definite nature, however mysten 
ous their structure and destination, by far the most remark- 
able are the 27th and 51st of Messier's Catalogue 11 Tho 
former consists of two round or Bomcwhat oval ncbalous 
masses united by a short neck of nearly tho same density. 
Both thiB and the masses graduate off, however, into a 
faintor nebulous envelope which completes the figuro into 
an elliptic form, of which tho interior masses with their 
connection occupy the lesser axis Seen m a reflector of 
18 inches in aperture, the form has considerable regularity, 
and though a few stars arc here and there scattered over it, 
it is unresolved Lord Bosse, \iewing it with a reflector of 
doable that aperture, describes and figures it as resolved 
into numerous stars with much intermixed nebula, while 
the symmetry of form, by rendering M«ible features too 
faint to be seen with inferior power, is rendered consider 
ably less striking, though by no means obliterated 

(882 ) The 61st nebula of Messier, viewed through an 
18 inch reflector, presents the appearance of a largo and 
bright globular nebula, surrounded by a ring nt a consider 
able distance from the globe very unequal in brightness 
m its different parts, and subdivided through about two 
fifths of its circumference as if into two lamina?, one of 
which appears as if turned up toward the eye out of the 
plane of the rest Near it (at about a radius of the nng 
distant) is a small bright round nebula Viewed through 


»» Places for 1830 R A 19h 62m 12a N P D 61* 41 nod R A 19b. 
22m 5&s If P D 41* 66 
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tho C feet reflector of Lord Rosso the aspect la much altered 
The interior, or what appeared the upturned portion of the 
nng, assumes tho aspect of a nebulous coil or convolution 
tending in a spiral form toward the centre, and a general 
tendency to a spiroid arrangement of tho streaks of nebula 
connecting tho nng and central mass which this power 
brings into view, becomes apparent, and forms a very 
striking feature Tho outlying nebula is connected by 
a narrow nobulous arc with tho ring, and tbo whole has a 
rcsohablo character (See Plato VI Jig 8) Both Lord 
Rosso and Mr Lassell have found this spiral character, 
even still moro marked, to belong to many other ncbulro 
sufficiently numerous, in fact, to form a class apart, of 
which Messier’s 90th nebula is a fine specimen 

(883 ) Wo come now to a class of nebulas of totally 
different character They are of very great extent, utterly 
devoid of all symmetry of form— on the contrary, irregular 
and capricious in their shapes and convolutions to a roost 
extraordinary degree, and no less so in the distribution of 
their light No two of them can be said to present any 
similarity of flgnre or aspect, but they have one important 
character in common They are all situated m, or very 
near, tho borders of tho Milky Waj The most remote 
from it is that in the sword handle of Orion, which being 
20° from the galactic circle, and 15° from the visible border 
of the Via Lac tea, might seem to form an exception tboagh 
not a striking one But this very situation may be adduced 
as a corroboration of the general view which this principle 
of localization suggests For the place in question is situ 
aieu! in the ptvhjngKtnm <ti tkst l&tat ofiset ol the jSWiy 
Way which we traced (art 787) from * and e Persei toward 
Aldebaran and the Hyades, and in the zone of Great Stars 
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noticed m art 763 as an appendage of, and probably bear 
mg relation to that stratum 

(8S4 ) From this it would appear to follow, almost as a 
matter of course, that they must bo regarded as outlying, 
-very distant, and as it were detached fragments of the great 
stratum of the Galaxy, and this viow of the Bubject is 
strengthened when we find on mapping down their placca 
that they may all be grouped in four great masses or nebu 
loas region* — that of Onon, of Argo, of Sagittarius, and of 
Cygnus And thus, inductively, we may gather eome m 
formation respecting the structure and form of the Galaxy 
itself, which, could wo new it as a whole, from a distance 
such ns that which separates ns from these objects, would 
aery probably present itself under an aspect quite as com 
plicated and irregular 

(885 ) The great nebula surrounding the stare marked 
9 1 in the sword handle of Orion was discovered by Huy 
ghens in 1850, and has been repeatedly figured and described 
by astronomers since that time Its appearance vanes 
greatly (as that of all nebulous objects does) with the m 
strnmental power applied so that it is difficult to recognize 
m representations made with inferior telescopes even prm 
cipal features, to say nothing of subordinate details Until 
this became well understood it was supposed to have 
changed very materially, both in form and extent, during 
the interval elapsed since its first discovery No doubt, 
however, now remains that these supposed changes have 
originated partly from the cause above mentioned partly 
from the difficulty of correctly drawing and, still more 
engraving such objects and partly from a want of sufficient 
care in the earlier delineators themselves in faithfully copy 
mg that which they really did see Our figure (Plate XV" 
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Jig 1) ib reduced from a larger one made under very favor* 
able circumstances, from drawings taken with an 18 inch 
reflector at the Cape of Good Hope, where its meridian 
altitude greatly exceeds what it has at European stations. 
The area occupied by this figure is about one 25th part of 
a square degree, extending in R A. (or horizontally) 2" 
of time, equivalent almost exactly to 30 in arc, the object 
being very near the equator, and 24' vertically, or in polar 
distance The figure shows it reversed in declination, the 
northern side being lowermost, and the preceding toward 
the right hand In form, the brightest portion offers a re 
semblance to the head and yawning jaws of some monstrous 
animal, with a sort of proboscis running out from the snout 
Many stars are scattered over it, which for the most part 
appear to have no connection with it, and the remarkable 
sextuple star $ 1 Ononis, of which mention has already been 
made (art 837), occupies a most conspicuous situation dose 
to the brightest portion, at almost the edge of the opening 
of the jaws It is remarkable, however, that within the 
area of the trapezium no nehulru exists The general aspect 
of the less luminous and cirrous poition is simply nebulous 
and irresolvable, but the brighter portion immediately ad 
jacent to the trapezium, forming the B^uare front of the 
head, is shown with the 18 inch reflector broken up into 
masses (very imperfectly represented in the figure)} whose 
mottled and curdling light evidently indicates by a sort of 
granular texture its consisting of stars, and when examined 
under the great light of Lord Rosse's reflector, or the ex 
quisite defining power of the great achromatic at Cambridge 
C S , is evidently perceived to consist of clustering star? 
There can therefore be little doubt as to the whole consist 
mg of stars, too minute to be discerned individually e\ eu 
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with these powerful aids, but which become visible as 
points of light when closely adjacent in the more crowded 
parts in the mode already more than once suggested. 

( 886 .) The nebula is not confined to the limits of our 
figure. Northward of 0 about 83', and nearly on the same 
meridian are two stars marked C 1 and 0 2 Orionis, in- 
volved in a bright and branching nebula of very singular 
form, and south of it is the star i Orionis, which is also in- 
volved in strong nehnla. Careful examination with power- 
ful telescopes tm traced out a continuity of nebulous light 
between the great nebula and both these objects, and there 
can be little doubt that the nebuloos region extends north- 
ward, a 9 far as » in the belt of Orion, which is involved in 
strong nebulosity, as well as several smaller Btars in the 
immediate neighborhood. Professor Bond has given a 
beautiful figure of the great nebula m Trans American 
Acad, of Arts and Sciences, new series, vol. lii., and Lord 
Oxmantown a superb one in Phil. Tr. 1868. 

(887.) The remarkable variation in lustre of the bright 
star 7 in Argo, has been already mentioned. This star is 
situated in the most condensed region of a very extensive 
nebula or congeries of nebular masses, streaks and branches, 
a portion of which is represented in Jig 2, Plate IV. The 
whole nebula is spread over an area of fully a square degree 
la extent, of which that included in the figure occupies 
about one fourth, that is to say, 28' in polar distance, and 
82' of arc in K. A., the portion not included being, though 
fainter, even more capncionsly contorted than that here 
depicted, in which it should be observed that the preceding 
side is toward the right hand, and the southern uppermost. 
Viewed with an IB-inch reflector, no part oi this strange 
object shows any sign of resolution into stars, nor in the 
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brightest and most condensed portion'adjacent to the sin 
gular oval vacancy m the middle of the figure is there any 
of that curdled appearance or that tendency to break up 
into bright knots with intervening darker portions which 
characterize the nebula of Orion, and indicate its resolva 
bility The whole is situated in a very rich and brilliant 
part of the Milky Way, so thickly strewed with stars 
(omitted in the figure), that in the area occupied by the 
nebula, not less than 1200 have been actually counted, 
and their places inE A and P D determined Yet it is 
obvious that these have no connection whatever with the 
nebula, being, in fact, only a simple continuation over it of 
the general ground of the galaxy, which on an average 
of two hours in right ascension in this period of its course 
contains no less than 8X88 stars to the square degree all, 
however, distinct and (except where the object in question 
is situated) seen projected on a perfectly dark heaven, with* 
out any appearance of intermixed nebulosity The conclu- 
sion cm hardly be nvoided that in looking at it we see 
through, and beyond the Milky Way, far out into space, 
through a starless region, disconnecting it altogether from 
our system “It is not easy for language to convey a full 
impression of the beauty and sublimity of the spectacle 
whioh thiB nebula offers, os it enters the field of view of 
a telescope fixed in right ascension, by the diurnal mo- 
tion, ushered in as it is by so glorious and innumerable 
a procession of stars, to which it forms a sort of climax,” 
and in a part of the heavens otherwise full of interest One 
other bright and very remarkably formed nebula of con 
siderable magnitude precedes it nearly on the same piral 
lei, but witboat any traceable connection between them 
(888 ) The nebulous group of Sagittarius consists of sev- 
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eral conspicuous nebulas'* of very extraordinary forms by 
no means easy to give an idea of by mere description. One 
of them (A, 1991'*) is singularly trifid, consisting of three 
bright and irregularly formed nebnIou3 masses, graduating 
away insensibly externally, but coming up to a great inten- 
aity of light at their interior edges, where they inclose and 
surround a sort of three-forked rift, or vacant area, abruptly 
and uncouthly crooked, and quite void of nebulous light. 
A beautiful triple star is situated precisely on the edge of 
one of these nebnlous masses just where the interior vacancy 
forks out into two channels. A fourth nebnlous mass 
spTeadB like a fan or downy plume from a Btar at a little 
distance from the triple nebnla. 

(889.) Nearly adjacent to the last described nebula, and 
no doubt connected with it, though the connection has not 
yet been traced, is situated the 8th nebula of Messier’s 
Catalogue. It is a collection of nebulous folds and masses, 
surrounding and including a number of oval dark vacancies, 
and in one place coming np to so great a degree of bright- 
ness, as to offer the appearance of an elongated nucleus. 
Superposed upon this nebula, and extending in one direc- 
tion beyond its area, is a fine and rich cluster of scattered 
stars, which seem to have no connection with it, as the 
nebula does not, as in the region of Orion, show any ten- 
dency to congregate about the stars. 

(890 ) The 19th nebula of Messier’s Catalogue, though 

** About U. A 1th Mm ,11 P D 113* 1', four nebulte No 41 of Bit 
W m. Uerachel’s 4th class and Nos 1 a, 3 of his 5tli all connected Into one 
great complex nebola — To R A 1th 53m 2t» F F B 114* 21', the 8th, 
and in 18h. 11m , 106* 15', the 17th of Messier’s Catalogue 

14 This Mmber refers to the catalogue of nebulas In Phil Tran* 1833 
The reader will find figures of the several nebulas of this group In that volume, 
pUte It fig 35 ra the Author’s “Results of Observations, etc , at the Cape 
of Good Hope ” Plates l fig 1, and ii figs 1 and 2, and m Mason’s Memoir 
In the collection of the American PhiL Soe,» toU vu. art. run' 
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some degrees remote from the others, evidently belongs to 
this group Its form is very remarkable, consisting of two 
loops like capital Greek Omegas, the one bright, the other 
exceedingly faint, connected at their bases by a broad and 
very bright band of nebula, insulated within which by 
a narrow comparatively obsoure border, stands a bright, 
resolvable knot, or what is probably a cluster of exceed* 
ingly minute stars A very faint round nebula stands m 
connection with the upper or convex portion of the brighter 
loop 

(891 ) The nebulous group of Cygnus consists of several 
large and irregular nebulte, one of which passes through the 
double star h Cygm, as a long, crooked, narrow streak, 
forking out in two or three places The others, 1 * observed 
in the brat instance by Sir W Herschel and by the author 
of this work as separate nebul®, have been traced into con 
nection by Mr Mason, and shown to form part of a curious 
and intricate nebulous system, consisting 1st, of a long, 
narrow, curved, and forked Btreak, and, 2dly, of a cellular 
effusion of great extent, in which the nebula occurs inter 
mixed with, and adhering to stars around the borders of the 
cellB, while their interior is free from nebula, and almost 
bo from stars 

(892 ) The Magellanic clouds, or the nubeculre (major 
and minor) as they are called m the celestial maps and 
charts, are, as their name imports, two nebulous or cloudy 
masses of light, conspicuously visible to the naked eye, in 
the southern hemisphere, in the appearance and brightness 
of their light not unlike portions of the Milky Way of the 
same apparent size They are, generally speaking, round, 
or somewhat oval, and the larger, which deviates most 
" B. A 2 Oh. 49m. 20s., N P D 68* 87'. 
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from, the circular form, exhibits the appearance of an axis 
of light, very ill defined, and by no means strongly distin- 
guished from the general mass, which seems to open out 
at its extremities into somewhat oval Bweeps, constituting 
the preceding and following portions of its circumference. 
A small patch, visibly brighter than the general light 
around, in its following part, indicates to the naked eye 
the situation of a very remarkable nebula (No. 30 Doratlds 
of Bode’s Catalogue), of which more hereafter. The greater 
nubecula is situated between the meridians of 4 h 40“ and 
6' 0" and the parallels of 166® and 162® of N. P. D., and 
occupies an area of about 42 square degrees. The lesser, 
between the meridians 1 * 0 28 and 1> 15“ and the parallels 
of 162® and 165® N. P. D., covers about ten square degrees. 
Their degree of brightness may be judged of from the effect 
of strong moonlight, which totally obliterates the lesser, but 
not quite the greater. 

(893 ) When examined through powerful telescopes, the 
constitution of the nubeculfe, and especially of the nubecula 
major, is found to be of astonishing complexity. The gen- 
eral ground of both consists of large tracts and patches of 
nebulosity in every stage of resolution, from light, irresolv- 
able with 18 inches of reflecting aperture, up to perfectly 
separated Btars like the Milky Way, and clustering groups 
sufficiently insulated and condensed to come under the 
designation of irregular, and in some cases pretty rich 
clusters But besides those, there are also neb aim in abun- 
dance, both regular and irregular, globular clusters iu every 
state of condensation, and objects of a nebulous character 
quite peculiar, and which have no analogue in any other 
region of the heavens. Such is the concentration of these 


It is laid, down nearly &u tour wrong ux all tto celestial ctiaria aud globes. 
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objects, that in the area occupied by the nubecula major, 
not fewer than 278 nebulre and clusters have been enumer- 
ated, besides 50 or 60 outliers, which (considering the gen 
oral barrenness in such objects of the immediate neighbor 
hood) ought certainly to he reokoned as its appendages, 
being about 6} per square degree, which very far exceeds 
the average of any other, even the most crowded parts of 
the nebulous heavens In the nubecula minor, the concen 
trn tion of such objects is less, ihongh still very sinking, 
37 having been observed within its area, and 6 adjacent, 
bnt outlying The nnbeculfe, then, combine, each within 
its own area, characters which in the rest of the heavens 
are no less strikingly separated — viz those of the galactic 
and the nebular system Globular clusters (except in one 
region of small extent) and nebulm of regular elliptic forms 
are comparatively rare in the Milky Way, and are found 
congregated in the greatest abundance in a part of the 
heavens, the most remote possible from that circle, whereas, 
in the nubeculie, they are indiscriminately mixed with the 
general starry ground, and with irregular though small 
nebulae 

(894 ) ThiB combination of characters, rightly considered, 
is in a high degree instructive, affording an insight into the 
probable comparative distance of stars and nebula, and the 
real brightness of individual stars ns compared one with 
another Taking the apparent semidiameter of the nubec 
ula major at 3°, and regarding its solid form as, ronghly 
speaking, spherical, its nearest and most remote parts 
differ in their distance from us by a little more than a 
tenth part of our distance from its centre The brightness 
of objects situated in its nearer portions, therefore, cannot 
be much exaggerated, nor that of its remoter much enfee 
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by their difference of distance, yet vnthin this glob 
ace we have collected upward of 600 stars of tbo 
b, 9th, and 10th magmtndca, nearly 800 nebnlce, 
bnlar and other clusters, of all degrees of resolubxhly , 
taller scattered stars innumerable of every inferior 
ude, from the 10th to such as by their multitude and 
ness constitute irresolvable nebulosity, extending over 
Df many square degrees Were there bat one such 
it might be maintained without utter improbability 
» apparent spbencity is only an effect of foreshorten 
id that in reality a much greater proportional differ 
l distance between its nearer and more remote parts 
But Buch an adjustment, improbable enough in one 
nnst be rejected as too much so for fair argument in 
It must, therefore, be taken as a demonstrated fact, 
.tars of the 7th or 8th magnitude and irresolvable 
i may co exist within limits of distance not differing 
portion more than as 9 to 10, a couclnsion which must 
3 some "degree of caution in admitting as certain , many 
consequences which have been rather strongly dwelt 
in the foregoing pages 

•5) Immediately preceding the centre of the nubecula 
, and undoubtedly belonging to the same group, occurs 
iperb globular cluster No 47 Toucam of Bode, very 
e to the naked eye and one of the finest objects of this 
in the heavens It consists of a very condensed spheri 
ass of stirs, of a pale rose color, concentrically inclosed 
nnch less condensed globe of white ones 15 or 2 O' in 
iter This is the first in order of the list of such clus 
n art 867 

96 ) Within the nubecula major, as already mentioned, 
'aintly visible to the naked eye, is the singular nebula 
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(marked ns the star 80 Dorad&3 in Bode’s Catalogue) noticed 
by LacaiUe as resembling the nucleus of a small comet. 
It occupies about one-600th part of the whole area of the 
nubecula, and is so satisfactorily represented in Plate V. 
Jig. 1, as to render further description superfluous. See 
art. 896 a , Note K. 

(897.) We shall conclude this chapter by the mention 
of two phenomena, which seem to indicate the existence of 
some slight degree of nebulosity about the sun itself, and 
even to place it in the list of nebulous stars. The first is 
that called the zodiacal light, which may be seen any very- 
clear evening Boon after sunset, about the months of March, 
April, and May, or at the opposite seasons before sunrise, 
as a cone or lenticularly-shaped light, extending from the 
horizon obliquely upward, and following generally the course 
of the ecliptic, or rather that of the sun’s equator. The ap- 
parent angular distance of its vertex from the sun varies, 
according to circumstances, from 40° to 90°, and the breadth 
of its base perpendicular to its axis from 8° to 30°. It is 
extremely faint and ill defined, at least in this climate, 
though better seen in tropical regions, but cannot be mis- 
taken for any atmospheric meteor or aurora borealis. It is 
manifestly in the nature of a lenticulnrly-formed envelope,” 
surrounding the sun, and extending beyond the orbits of 
Mercury and Venus, and nearly, perhaps quite, attaining 
that of the earth, since its vertex has been seen fully 00° 
from the sun’s place m a great circle. It may be conjec- 
tured to be do other than the denser part of that medium, 


11 I cannot imagine upon what grounds Humboldt persists in ascribing to It 
tSie Ann of a nog enerrtriViTg' fd«r <raa /Irr « arcnrf eik&mtifc- r *' tXiSwrvsr- 
turns of the zodiacal light, by the R«t G Jones, see ‘•United States Japan 
Expedition,” vol. hi 4* Washington, 195$ It contains 35T plates of ita 
appearance 
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which, we have some reason to believe, resists tbe motion 
of comets', loaded, perhaps, with the actual materials of tbe 
tails of millions of those bodtes, of which they have been 
stripped in their successive perihelion passages (art 568) 
An atmosphere of the snn, in any proper sense of the word, 
it cannot he, since the existence oF a gaseous envelope 
propagating pressure from part to part; subject to mutual 
friction in its strata, and therefore rotating in the same or 
nearly the same time with the central body; and of each 
dimensions and elhpticity, is utterly incompatible with 
dynamical laws. If its particles have inertia, they must 
necessarily Btand with respect to the sun m the relation of 
separate and independent minute planets, each having its 
own orbit, plane of motion, and periodic time The total 
mass being almost nothing compared to that of the sun, 
mutual perturbation is out of the question, though collmont 
among such ns may cross each other's paths may operate in 
the course of indefinite ages to effect a subsidence of at least 
some portion of it into the body of the sun or those of the 
planets 

(898 ) Nothing prevents that these particles, or some 
among them, may have 6ome tangible size, and be at very 
great distances from each other. Compared with planets 
visible in our most powerful telescopes, rocks and stony 
masses of great size and weight would be but as the im- 
palpable dust which a sunbeam renders visible as a sheet 
of light when streaming through a narrow chink into a dark 
chamber. It is a fact, established by the most indisputable 
evidence, that stony masses and lumps of iron do occasion- 
ally,. and indeed by no means infrequently,, fall upon the 
earth from the higher regions of our atmosphere (where it 
is obviously impossible they can have been generated), and 
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that they have doae so from the earliest times of history. 
Four instances are recorded of persons being killed by their 
fall A block of stoue fell at i£go3 Potamos, B 0 465, as 
large as two millstones, another at Narm, in 921, projected, 
like a rock, four feet above the surface of the river, into 
which it was seen to fall The emperor Jehangirc hod a 
sword forged from a mass of meteoric iron which fell, in 
1620, at Jalandar, m the Punjab " Sixteen instances of 
the fall of stones in the British Isles are well authenticated 
to have occurred since 1620, one of them in London In 
1803, on the 26th of Apul, thousands of stones were scat 
tered by the explosion into fragments of a largo fiery globe 
over a region of twenty or thirty square miles around tbo 
town of 1/ Aigle, in Normandy Tbo fact occurred at mid 
day, and the circumstances were officially verified by a com* 
mission of the French government '* These, and mnumer 
able other instances,** fully establish the general fact, and 
after vain attempts to account for it by volcanic projection, 
either from the earth or the moon, the planetary nature of 
these bodies seems at length to be almost generally ad 
nutted The heat which the} possess when fallen, the 
igneous phenomena which accompany them, their explo 
sion on arming within the denser regions of onr atmrw 
pbere, etc , ore all sufficiently accounted for on physical 
principles, by the condensation of the air before them in 
consequence of their enormous iclocity, and by the rcla 
tions of air in a highly attenuated stato to heat " 

" Bc« the emperor • own Tory remarkable account of tbo occurrence, Irani 
Uted In HuL Tran*. IT9J p. 20 J 

** Boo U. B ot t report In M<m da 1 Inidtut. 1108, 

*• goo n I st of upward of 200 j-ubLaied by Ctdadnl, Ahnfttea «fu Pomu deft 
Longitude* do Fnmce 1815 

Kdln burgh Karla* Jan. 18<S p. 195 U U rerj remarkable that bo erw 
chemical element has boon detected fa any of t be dbbmoui ro*vooro!lte* whleb 
hiTo boon ■ubjaebxl to anal/aU. 
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(S^9.) Besides stony and metallic masses, however, it is 
probable that bodies of very different natures, or at least 
states of aggregation, arc thus circulating round the sun. 
Shooting stars, often followed by long trains of light, and 
those great fiery globes, of more rare, but no; t try un- 
common occurrence, which are seen traversing the upper 
regions of our atmosphere, sometimes leaving trains behind 
them remaining for many minutes, sometimes bursting with 
a loud explosion, sometimes becoming quietly extinct, may 
not unreasonably be presumed to bo bodies extraneous to 
our planet, which only becomo visible on becoming ignited 
in the act of grazing the confines of our atmosphere. 
Among the last-mentioned meteors, however, are some 
which can hardly be supposed solid masses. The remark- 
able meteor of August 18, 1783, traversed the whole of 
Europe, from Shetland to Rome, with n velocity of about 
SO miles per second, at a height of 50 miles from the surface 
of the earth, with a light greatly surpassing that of the full 
moon, and a real diameter of fully half a mile. Yet with 
these vast dimensions, it made a sudden bend in its course; 
it changed its form visibly, and at length quietly separated 
into several distinct bodies, accompanying each other in 
parallel courses, and each followed by a tail or train 

(900.) There are circumstances in the history of shooting 
stars, which very strongly corroborate the idea of their ex- 
traneous or coamtcai origin, and their circulation round the 
sun in definite orbits. On several occasions they have been 
observed to appear in unusual, and, indeed, astonishing 
numbers, so as to convey the idea of a shower of rockets, 
and brilliantly illuminating the whole heavens for hours 
together, and that not in one locality, but over whole con- 
tinents and oceans, and even (in one instance) in both hems- 
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spheres Now it is extremely remarkable that, whenever 
this great display has been exhibited (at least in modern 
times), it has uniformly happened on the night between the 
12th and 13th, or on that between the 13th and 14fch of 
November Such cases occurred in 1799, 1832, 1833, and 
1834 On tracing back, the records of similar phenomena, 
it has been ascertained, moreover, that more often those 
identical nights, but sometimes those immediately adjacent, 
have been, time out of mind, habitually signalized by such 
exhibitions Another annually recurring epoch, in which, 
though far less brilliant, the display of meteors is more 
certain (for that of November is often interrupted for a 
great many years), is that of the 10th of August, on which 
night, and on the 9th and 11th, numerous, large, and bright 
shooting stars, with trains are almost sure to be seen 
Other epochs of periodic recurrence, less marked than the 
above, have also been to a certain extent established 

(901 ) It ib impossible to attribute such a recurrence of 
identical dates of very remarkable phenomena to accident 
Annual periodicity, irrespective of geographical position, 
refers us at once to the place occupied by the earth in its 
annual orbit, and leads direct to the conclusion that at that 
place the earth incurs a liability to frequent encounters or 
concurrences with a stream of meteors in their progress of 
circulation round the sun Let us test this idea by pur 
suing it into some of its consequences In the first place 
then, supposing the earth to plunge, in its yearly circuit, 
into a uniform ring of innumerable small meteor planets, 
of such breadth as would be traversed by it in one or two 
days, since during this small time the motions, whether of 
the earth or of each individual meteor, may be taken as 
uniform and rectilinear, and those of all the latter (at the 
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place and time) parallel, or very nearly so, it will follow 
that the relative motion of the meteors referred to the earth 
as at rest, will be also uniform, rectilinear, and parallel 
Viewed, therefore, from the centre of the earth (or from any 
point in its circumference, if vre neglect the diurnal velocity 
as very small compared with the annual) they will all appear 
to diverge from a common point, fixed, m relation lo the celes 
Ual sphere^ as if emanating from a sidereal apex (art 115) 
(902 ) Now this is precisely what actually happens The 
meteors of the 12th-14th of November, or at least the \ast 
majority of them, describe apparently arcs of great circles, 
passing through or near r Leoms No matter what the 
situation of that star with respect to the horizon or to its 
east and west points may be nt the time of observation, 
the paths of the meteors all appear to diverge from that 
star On the 9th-llth of August the geometrical fact is the 
same, the apex only differing, B Camelopardah being for 
that epoch the point of divergence As we need not sup 
pose the meteoric ring coincident m its plane with the 
ecliptic, and as lor a ring of meteors we may substitute 
an elliptic annulus of any reasonable excentncity, bo that 
both the velocity and direction of each meteor may differ 
to any extent from the earth’s, there is nothing in the great 
and obvious difference tn latitude of these apices at all null 
tating against the conclusion 

(903 ) If the meteors be uniformly distributed m such a 
ring or elliptic annulus, the earth’s encounter with them 
in every revolution wilt be certain, if it occur once But 
if the ring be broken, if it be a succession of groups re 
volvmg m an ellipse in a period not identical with that of 
the earth, years may pass without a rencounter, and when 
such happen, they may differ to any extent in their inten 
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spheres Now xl is extremely remarkable that, whenever 
this great display has been exhibited (at least in modern 
times), it has uniformly happened on the night between the 
12th and 18th, or on that between the 13th and 14th of 
November Such cases occurred in 1799, 1832, 1833, and 
1834 On tracing back the records of similar phenomena, 
it has been ascertained, moreover, that more often those 
identical nights, but sometimes those immediately adjacent, 
have been, time out of mind, habitually signalized by such 
exhibitions Another annually recurring epoch, in which, 
though far less brilliant, the display of meteors is more 
certain (for that of November is often interrupted for a 
great many years), is that of the 10th of August, on which 
night, and on the 9th and 11th, numerous, large, and bright 
shooting stars, with trams, are almost sure to be seen 
Other epochs of periodic recurrence, less marked than the 
above, have also been to a certain extent established 

(901 ) It is impossible to attribute such a recurrence of 
identical dates of very remarkable phenomena to accident 
Annual periodicity, irrespective of geographical position, 
refers us at once to the place occupied by the earth in its 
annual orbit, and leads direct to the conclusion that at that 
place the earth incurs a liability to frequent encounters or 
concurrences with a stream of meteors in their progress of 
circulation round the Bun Let us test this idea by pur 
suing it into some of its consequences In the first place 
then, supposing the earth to plunge, in its yearly circuit, 
into a uniform ring of innumerable small meteor planets, 
of such breadth as would be traversed by it in one or two 
days, since during this email time the motions, whether of 
the earth or of each individual meteor, may be taken as 
uniform and rectilinear, and those of all the latter (at the 
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place and time) parallel, or \erj ncarl) so, it will follow 
that the relatit e motion of the meteors referred to the earth 
as at rest, will be also uniform, rectilinear, and parallel 
Viewed, therefore, from the centre of the earth (or from any 
point in its circumference, if we neglect the diurnal velocity 
as very email compared with the annual) they will all appear 
to diverge from a common point, fixed m relation to the celes 
Ual sphere, as if emanating from a sidereal apex (art 115) 
(902 ) Now this is precisely what actually happens The 
meteors of the 12th-14ih of November, or at least the vast 
majority of them, describe apparently arcs of great circles, 
passing through or near r Looms No matter what the 
situation of that star with respect to the horizon or to its 
east and west points may be at the time of observation, 
the paths of the meteors all appear to diverge from that 
star On the 0th— 11th of August the geometrical fact is the 
Bame, the apex only differing, B Camelopardali being for 
that epoch the point of divergence As we need not sup 
pose the meteoric ring coincident m its plane with the 
ecbptic, and as for a ring of meteors we may substitute 
an elliptic annulus of any reasonable excentncity, bo that 
both the velocity and direction of each meteor may differ 
to any extent from the earth’s, there is nothing in the great 
and obvious difference in latitude of these apices at all mill 
tating against the conclusion 

(903 ) If the meteors be uniformly distributed in such a 
nng or elliptic annulus, the earth s encounter with them 
in every revolution will be certain, if it occur once But 
if the nng be broken, if it be a succession of groups re 
volving in an ellipse in a period not identical with that of 
the earth, years may pass without a rencounter, and when 
such happen, they may differ to any extent in their inten 
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*\is of chancier, according n« richer or poorer groups bavo 
Wen encountered 

) No other plausible explanation of these highly 
characteristic feature* (ilic annua! periodicity anl diver 
pence from a common apex, afu » jt atife for each rtspceUie 
e/xw/) hftii be in even attempt* J, nnl accordingly the oj inioo 
m gent rally gaining ground among astronomer* that shoot 
mg stir* belong to their department of science, and great 
interest m excited in their observation and the farther 
dovtlopmcnt of Ihtir laws The first connected nnd syato 
nntio senci of observation* of them, having for their ob;ect 
to trace out their rthttie paths with respect to the earth, 
are those of Betr*j*berg nnd Brnndcs, who, by noting tho 
instants and apparent places of appearance am? extinction, 
as well ns the prcci«c apj arent paths among tho stars, of 
individual meteor*, from the extremities of o measured baso 
line nearly fiO 000 feel in length, were led to conclude that 
their heights nt tho instant of their appearance nnd disap 
pcimtico vary from 10 miles to 1*10, and tlieir relative 
velocities from 18 to 80 miles per second, velocities so 
grent as clearly to indicato an independent planetary circu 
lation round tho sun [A very remarkable meteor or boJide, 
which appeared on the lPth August 1847, was observed at 
Dieppe nnd at Tans, with sufficient precision to admit of 
calculation of tho elements of its orbit in absolute space 
This calculation has been performed by M Petit director 
of the observatory of Toulouse, nnd tho following hyperbolic 
elements of its orbit round (he sun are stated by him (Astr 
Nncbr 701) as its result, viz Semimnjor axis = —0 8240083, 
cxcentneiiy — 3 33230, penbehen distance — 0 95833, inch 
nation to piano of tho earth's equator, 18® 20 18', ascending 
node on tho same plane, 10° 34 48', motion direct, Ac 
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cording to this calculation, tbo body would have occupied 
no les3 than 37340 years in tra\ oiling from the distance of 
the nearest fixed star aappo^ed to have a parallax of l'.J 
(905 ) It is by no means inconceivable that the earth np 
proachmg to snch as differ but little from it in direction 
and velocity, may have attached many of them to it as 
permanent satellites, and ol these there may be some so 
large, and of such texture and Bohdity, as to shine by re 
fleeted light, and become visible (such, at least, as are very 
near the earth) for a brief moment, suffering extinction by 
plunging into the earth’s shadow, in other words, under 
going total eclipse Sir John Lubbock is of opinion that 
such is the case, and has given geometrical formnlso for 
calculating their distances from observations of this nature " 
The observations of M Petit would lead us to believe in 
the existence of at least one snch body, revolving round the 
earth, as a satellite, id about 3 hours 20 minutes, and there 
lore at a distance equal to 2 613 radu of the earth from its 
centre, or 5,000 miles above its surface " (See Note N ) 

(905 a ) In art 400 the generation of heat by friction is 
suggested as affording a possible explanation of the supply 
of solar heat, without actual combustion A very old doc 
trine, advocated on grounds anything rather than reasonable 
or even plausible by Bacon, but afterward worked into 
a circumstantial and elaborate theory by the elder Seguin, 
which makes heat to consist in a continual, rapid, vibratory 
or gyratory motion of the particles of bodies, has of late 
been put forward into great prominence by Messrs Mayer 
and Joule and Sir W Thomson, according to this theory 
motion once generated or however originating, is never 
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destroyed, but continues to subsist in the form of “vis 
vna” among the molecules of bodies, even when by their 
impact or mutual obstruction they appear to have been 
brought to rest.** The “vis viva” only takes another form, 
and is disseminated, os increased vibratory or gyratory 
movement, among their molecules, ns such it is heat, or 
light, or both, and is communicated to the molecules of the 
luminiferous ether, and so distributed throughout that 
ether, constituting the phenomena of radiant light and 
beat Granting a few postulates (not very easy of concep 
tion, and still less so of admission when conceived), this 
theory is not without its plausibility, and certainly does 
(on its own conventions) give a consistent account of the 
production of heat by friction and impact It has been ap 
plied by Mr Waterson and Sir W Thomson to explain the 
evolution of solar light and heat, as follows According to 
the former, the meteorohtes which, revolving in very excen 
trie or cometic orbits, arrive within the limits of the solar 
atmosphere are precipitated on the sun’s surface in such 
abundance, and with such velocity, as to generate in the 
way above described the totality of the emitted radiants 
Sir W Thomson, undismayed as would appear by the per 
petual battery thus kept up on the sun a surface (on every 
square foot of which, on Mr Waterson's view of the snb 
ject, a weight of matter equal to 6 lbs would require to be 
delivered per hour with a velocity of 390 miles per second, 
covering the whole surface with stony or other solid ma 
tenal, to the depth of 12 feet per annum , if of the density 
of granite), prefers to consider the nebula of the zodiacal 
light m a vaporous state as continually subsiding into the 

14 On this point see a paper by the Author on the absorption of 1 gilt Load, 
and Ed. Ptut stag and Journ , 3d senes, vot ill. No 18, Dec 1833 
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Bun, by gradual spiral approach, until suddenly meeting 
with greatly increased resistance m its atmosphero (as ar- 
riving in a Btate of more rapid revolution) by friction on the 
external envelope or photosphere of its surface (art 889), pro- 
duces thero the heat and light actually observed; whereas 
the theory of Mr. “Waters on would place its ongm on the 
solid surface itself, contrary to the observed fact." Our 
readers will judge for themselves what degree of support 
the telescopic aspect of tho sun’s surface as described in 
arts 888-895, and especially 387 o, Note G, affords 


** Tho quantity of natter annually required to bo deposited on the sun, 
whether In a putrerulenk llqold or raporous form, by Bir W Thomson’s the- 
ory, u nearly double of that called for by Mr Waterson’s, vu. 24 feet of granite 

S r annum i e a mile la 260 years, so that tho sun's apparent diameter would 
Increasing at lbs rate of about 1" per 100 000 years od thin hypothesis 
In tho ’ Manuel de la Science ou Annualre du Cosmos” for 1659 by tho 
Abb4 Mo'guo (a work of high Interest, and generally speaking of great iropar 
tiality In the discussion of claims to scientific pnomy) pp 85 6 7 2™ partie, 
this article is so translated (probably for want of a perfect appreciation of tho 
force of the expressions used io it) as to convey an unqualified adhesion to 
tho theory in question and to M Seguin'* doctrine This however (especially 
the tatter, as stated at length In PC. L pp 214 tl i«j ) I am very far from 
prepared to give — and tho English reader will I presume consider the terms 
employed qmlo sufficiently guarded even as respects the general principle to 
say nothing of the Specialties of 1L Beguin’s theory — [.Vote added, 1859 ] 
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PART IV 

OF THE ACCOUNT OF TIME 

CHAPTER XVIII 

Natural Units of Time — Relation of the Sidereal to the Solar Day Affected 
by Precession— Incommeasurab iity of tho Day and Year — res Incon 
venience — Hoir Obviated — The Johan Calendar— Irregularities at its 
first Introduction — Reformed by Augustus — Gregorian Reformation- 
Solar and Lunar Cycles — Indiction— Julian Poriod — Table of Chrono- 
logical Eras — Rules for Calculating the Days Elapsed Between Given 
Dates — Equinoctial Time— Fixation of Ancient Dates by Ecltpeea 

(906) Time, like distance, may be measured by com- 
parison with, standards of any length, and all that is requi- 
site for ascertaining correctly the length of any interval, is 
to be able to apply the standard to the interval throughout 
its whole extent, without overlapping on the one hand, or 
leaving unmeasured vacancies on the other, to determine, 
without the possible error of a unit, the number of integer 
standards which the mtenal admits of being interposed 
between its beginning and end, and to estimate precisely 
tbe fraction, over and above an integer, which remains 
when all the possible integers are subtracted 

(907 ) But though all standard units of time are equally 
possible, theoretically speaking, yet all are not, practically, 
equally convenient The solar day is a natural interval 
which the wants and occupations of man in every stale of 
society force upon him, and compel him to adopt na his 
fundamental unit of time Its length ns estimated from the 
departure of the sun from a given meridian, and its next 
return to the same, is subject, it is true, to on annual fluo- 
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tuation in excess and defect of its mean value, amounting 
at its maximum to fall half a mtnute But except for 
astronomical purposes, this is too small a change to inter 
fere m the slightest degree with its use, or to attract any 
attention, and the tacit substitution of its mean for its true 
(or variable) value may be considered ss having been made 
from the earliest ages, by iho ignorance of mankind that 
any such fluctuation existed 

(903 ) The time occupied by one complete rotation of the 
earth on its axis, or the mean 1 sidereal day, may be shown, 
on dynamical principles, to be subject to no variation from 
any external cause, and although its dnration would be 
shortened by contraction in the dimensions of the globe 
itself, such as might am© from the gradual escape of its 
internal heat and consequent refrigeration and shrinking 
of the whole mass, yet theory, on the one hand has ren 
dered it almost certain that this cause cannot have effected 
any perceptible amount of change during the history of the 
human race, and, on the other the comparison of ancient 
and modern observations affords every corroboration to this 
conclusion From such comparisons Laplace has concluded 
that the sidereal day has not changed by so much as one hun 
dredth of a second since the time of Hipparchus The mean 
sidereal day therefore possesses m perfection the essential 
qual ty of a standard unit that of complete invariability 
The same is trne of the mean sidereal year if estimated upon 
an average sufficiently laTge to compensate the minute flnctn 
ations ansing from the periodical variations of the major axis 
of the earth s orbit due to planetary perturbation (art 668) 

(909 ) The mean solar day is an immediate derivative of 

* The tree s dere&l day a ra able by the effect of uutat on but the varia- 
tion (an excess vely ra nute fract on of the whole) compensates itself In a rerolu 
con of the moon g nodes 
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the sidereal day and year, being connected with them by the 
Bame relation which determines the synodic from the sidereal 
revolutions of any two planets or other revolving bodies 
(art 418) The exact determination of the ratio of the 
sidereal to the solar day, which is a point of the utmost 
importance m astronomy, is, however, in some degree, 
complicated by the effect of precession, which renders it 
necessary to distinguish between the absolute time of the 
earth’s rotation on its axis (the real natural nnd invariable 
standard of comparison), and the mean interval between two 
successive returns of a given 
star to the same meridian, or 
rather of a given meridian to 
the same star, which not only 
differs by a minute quantity 
from the sidereal day, but is 
actually not the same for nil 
stars As this is a point to 
which a little difficulty of 
conception is apt to attach, it 
will be necessity to explain 
it in some detnl Suppose 
then * the pole of the ecliptic, and P that of the equinoctial, 

A G the solstitial colure at any given moment of time, and 
P pqr the small circle described bj P about r m one revo 
lution of the equinoxes, te in 25870 jears or 9418300 solar 
dajs, all projected on the plane of the ecliptic A B CD 
Let S be a stir anywhere situated on the ecliptic, or between 
it and the small circle Pgr Then if the pole P were at 
rest a meridian of the earth setting out from P S C and 
revolving in the direction C D, will come again to the star 
after the exact lapse of one sidereal day, or one rotation of 
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the earth on its axis. But P is not at rest. After the lapse 
ol one such day it will have come into the situation (sup- 
pose) p, the vernal equinox B having retreated to 6, and the 
colure P C having taken up the new position pc. Now 
a conical movement impressed on the axis of rotation of a 
globe already rotating is equivalent to a rotation impressed 
on the whole globe round the axis of the cone, in addition 
to that which the globe has and retains round its own inde- 
pendent axis of revolution. Such a new rotation, in trans- 
ferring P to p, being performed round an axis passing 
through it, will not alter the situation of that point of the 
globe which has v. in its zenith. Hence it follows that pit c 
passing through « will be the position taken up by the 
meridian P * C after the lapse of an exact sidereal day. 
But this does not pass through S, but falls short of it by 
the hour-angle x p S, which is yet to be described before 
the meridian comes up to the 6tar. The meridian, then, has 
lost so much on, or lagged so much behind, the star in the 
lapse of that interval. The same is true whatever be the arc 
P p. After the lapse of any number of days, the pole being 
transferred to p, the spherical angle * p S will measure the 
total hour angle which the meridian has lost on the star. 
Now when S lies anywhere between C and r, this angle 
continually increases (though not uniformly), attaining 180° 
when p comes to r, and still (as will appear by following 
out the movement beyond r) increasing thence till it attains 
860° when p ha3 completed its circuit. Thus in a whole 
revolution of the equinoxes, the meridian will have lost one 
exact revolution upon the star, or m 9448300 sidereal days 
will have reattamed the star only 9448299 times: in other 
words, the length of the day measured by the mean of the 
successive arrivals of any star outside of the circle P p q r 
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on one and the same meridian is to the absolute time of 
rotation of the earth on its axis as 9448300 9448299, 

or as 1 00000011 to 1 

(910 ) It is otherwise of a star situated withtn this circle, 
as at a For such a star the angle ipj, expre&sing the lag- 
ging of the meridian, increases to a maximum for some 
situation of p between q and r, and decreases again to o at 
r, after which it takes an opposite direction, and the mend 
inn begins to get in advance of the star, and continues to 
get more and more so, till p has attained some point between 
s and P, where the advance is a maximum, and thence de 
creases again to o when p has completed its circuit For 
any star so situated, then, the mean of all the days so esti 
mated through a whole period of the equinoxes is an abso 
lute sidereal day, as if precession had no existence 

(911 ) If we compare the sun with a star situated in the 
ecliptic, the sidereal year is the mean of all the intervals of 
its arrival at that star throughout indefinite ages, or (without 
fear of sensible error) throughout recorded history Now, 
if we would calculate the synodic Bidereal revolution of the 
sun and of a meridian of the earth by reference to a star so 
situated, according to the principles of art 418, we must 
proceed as follows Lot D be the length of the mem solar 
day (or synodic day in question), d the mean sidcrcil rev 
olution of the meridian with reference to the same star , 
and y the Bidereal year Then the arcs described by the 
sen and the meridian m the interval D will be respectively 

360° — and 860° 5 And since the latter of theso exceeds 

y * 

the former by precisely 360°, we have 

860" ?= 880 " 5 +860", 

d y 
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whence it follows that 

2=1 + 5 = 1 00273780, 

<i V 

taking the value of the sidereal year y as given in art. 883, 
viz. 8B5 4 6 k 9“ 9 6*. But, as .we have seen, d is not the abso- 
lute sidereal day, but exceeds it in the ratio 1-00000011 : 1. 
Bence to get the value of the mean solar day, as expressed 
in absolute sidereal days, the number above set down must 
be increased in the same ratio, which brings it to 1-00273791, 
which is the ratio of the solar to the sidereal day actually in 
use among astronomers. 

(912.) It would be well for chronology if mankind 
would, or could have contented themselves with this one 
invariable, natural, and convenient standard in their reckon- 
ing of time. The ancient Egyptians did so, and by their 
adoption of a historical and official year of 365 days have 
afforded the only example of a practical chronology, free 
from all obscurity or complication. But the return of the 
seasons, on which depend all the more important arrange- 
' ments and business of cultivated life, is not conformable to 
such a multiple of the diurnal unit. Their return is regu- 
lated by the tropical year , or the interval between two suc- 
cessive arrivals of the sun at the vernal equinox, which, as 
we have seen (art. 883), differs from the sidereal year by 
reason of the motion of the equinoctial points. Now this 
motion is not absolutely umfora, because the ecliptic, upon 
which it is estimated, is gradually, though very slowly, 
changing its situation in space under the disturbing influ- 
ence of the planets (art. &10) And thus arises a variation 
in the tropical year, which is dependent on the place of the 
equinox (art 383) The tropical year is actually about 4 21' 
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shorter than it was in the time of Hipparchus This ab 
sence of the roost essential requisite for a standard, viz in 
variability, renders it necessary, since wo cannot help em 
ploying the tropical year in our reckoning of time, to adopt 
an arbitrary or artificial value for it, so near the truth as 
not to admit of the accumulation of its error for several cen 
tunes producing any practical mischief, and thus satisfying 
the ordinary wants of civil life, while, for scientific pwr 
poses, the tropical year, so adopted, is considered only as the 
representative of. a certain number of integer days and a 
fraction — the day being, in effect, the only standard em 
ployed The case is nearly analogous to the reckoning of 
value by guineas and shillings, an artificial relation of the 
two coins being fixed by law, near to, but scarcely eier ex 
actly coincident with, the natural one, determined by the 
relative market price of gold and silver, of which either the 
one or the other — whichever is really the most invariable, 
or the most in use with other nations— may be assumed ns 
the true theoretical standard of value 

(913 ) The other inconvenience of the tropical year as a 
greater nmt is its incommensurability with the Jesser In 
our measure of space all our subdivisions are into aliquot 
parts a yard is three feet a mile eight furlongs, etc But 
a year is no exact number of days, nor an integer number 
with any exact fraction, as one third or one fourth, over and 
above, bnt the surplus is an incommensurable fraction, com 
posed of hours, minutes, seconds etc , which produces the 
same kind of inconvenience in the reckoning of time that it 
•would do in that of money, if we had gold coins of the 
value of twenty one shillings, with odd pence and farthings, 
and a fraction of a farthing over For this, however, there 
23 no remedy but to keep a strict register of the surplus 
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fractions; and, when they amount to a whole day, cast them 
over into the integer account. 

(914.) To do thh in the simplest and most convenient 
manner is the object of a well-adjusted calendar. In the 
Gregorian calendar, which we follow, it is accomplished with 
considerable simplicity and neatness, by carrying a little fur- 
ther than is done above, the principle of an assumed or arti- 
ficial year, and adopting (tco such years, both consisting of 
an exact integer number of days, viz. one of SC5 and the 
other of 366, and laying down a simple and easily remem- 
bered rule for the order in which these years shall succeed 
each other in the civil reckoning of time, so that during the 
lapse of at least some thousands of years the sum of the in- 
teger artificial, or Gregorian, years elapsed shall not differ 
from the same number of real tropica! years by a whole day. 
By this contrivance, the equinoxes and solstices will always 
fall on days similarly situated, and bearing the samo name 
in each Gregorian year; and the seasons will forever corre- 
spond to the same months, instead of running the round of 
the whole year, as they must do upon any other system of 
reckoning, and used, in fact, to do before this was adopted, 
as a matter of ignorant haphazard in the Greek and Roman 
chronology, and of strictly defined and superstitiously ngor 
ous observance in the Egyptian. 

(915.) The Gregorian rule is as follows: — The years are 
denominated as years current ( not as years elapsed) from the 
midnight between the 81st of December and the 1st of Janu- 
ary immediately subsequent to the birth of Christ, accord- 
ing to the chronological determination of that event by 
Dionysius Exiguus. Every year whose number is not di- 
visible by 4 without remainder, consists of 865 days; every 
year which ts so divisible, but is not divisible by 100, of 
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S68, every year divisible by 100, but not by 400, again of 
865, and every year divisible by 400, again of 866 For 
example, the year 1833, not being divisible by 4, consists of 
365 days, 1836 of 366, 1800 and 1900 of 865 each, but 2000 
of 366 In order to see how near this rule will bring U3 to 
the truth, let us see what number of days 10000 Gregorian 
years will contain, beginning with the year ADI Now, 
in 10000, the numbers not divisible by 4 will be 3 of 10000 
or 7500, those divisible by 100, but not by 400, will in like 
manner be | of 100, or 76, so that, in the 10000 years in 
question, 7676 consist of 866, and the remaining 2425 of 866, 
producing in all 8652425 days, which would give for an 
average of each year, one with another, 365 4 2425 The 
actual value of the tropical year (art 883), reduced into a 
decimal fraction, is 865 24224, eo the error m the Gregorian 
rule on 10000 of the present tropical years, is 2 6, 'or 2* 14* 
24“ , that is to say, less than a day in 3000 years, whioh is 
more than sufficient for all human purposes, those of the 
astronomer excepted, who is in no danger of being led into 
error from this cause E\en this error is avoided by ex 
tending the wording of the Gregorian rule one step further 
than its contrivers probably thought it worth while to go, 
and declaring that years divisible by 4000 should consist of 
865 days This would take off two integer days from tho 
above calculated number, and 2 5 from a larger average, 
making the sum of days in 100000 Gregorian years, 8C524225, 
which differs only by a single day from 100000 real tropical 
years, such as they exist at present * 

(916 ) In the historical dating of events thero is no year 
ADO The year immediately previous to A.D 1 is al 
ways called B C 1 This must always bo borne in mind in 
* 8co rot® A at the ecd of the chafer 
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reckoning chronological and astronomical intervals. The 
sum of the nominal years B.C. and A.D. must be dimin- 
ished by 1. Thus, from Janaary 1, B.C. -1718, to Janunry 
1, A.D. 1582, the years elapsed are not 6295, but 6291. 

(917.) As any distance along a highroad might, though 
in a rather inconvenient and roundabout way, be expressed 
without introducing error by setting up a series of mile- 
stones, at intervals of unequal lengths, so that every fourth 
mile, for instance, should be a yard longer thnn tho rest, or 
according to any other fixed rule; taking care only to mark 
the stones so as to leave room for no mistake, and to adver- 
tise alt travellers of the difference of lengths and their order 
of succession; so may any interval of time bo expressed 
correctly by stating in what Gregorian years it begins and 
ends, and whereabout in each. For this statement coupled 
with the declaratory rule, enables ua to say how man}* in- 
teger years are to be reckoned at 365, and how many at 866 
days. The latter years are called bissextiles, or leap-} cars, 
and the surplus days thus thrown into tbe reckoning arc 
Called intercalary or leap-days. 

(918 ) If the Gregorian rule, as above Btated, had always 
and in all countries been known and followed, nothing 
would be easier than to reckon the number of days elapsed 
between the present time, and any historical recorded event. 
Hot this is not tbe case, and tbe biBtory of the calendar, 
with reference to chronology, or to the calculation of ancient 
observations, may be compared to that of a clock, going 
regularly when left to itself, bnt sometimes forgotten to be 
wound up; and when wound, sometimes set forward, some- 
times backward, either to serve particular purposes and pri- 
vate interests, or to rectify blunders in setting. Such, at 
least, appears to have been the case with the Boman calen- 
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dar, in which our own originates, from the time of Numa to 
that of J oil us Ctesar, when the lunar year of 18 months, or 
355 days, was augmented at pleasure to correspond to the 
solar, by which the seasons are determined, by the arbitrary 
intercalations of the priests, and the usurpations of the de- 
cemvirs and other magistrates, till the confusion became in- 
extricable To Julius Cmsar, assisted by Sosigenes, an emi- 
nent Alexandrian astronomer and mathematician, we owe 
the neat contrivance of the two years of 865 and 866 days, 
and the insertion of one bissextile after three common years 
This important change took place in the 45th year before 
Christ, which he ordered to commence on the 1st of January, 
being the day of the new moon immediately following the winter 
solstice of the year before We may judge of the state into 
which the reckoning of time had fallen, by the fact, that to in 
troduce the new system it was necessary to enact that the pre 
viousyear, 46 B C , should consist of 445 days, a circumstance 
which obtained for it the epithet of “the year of confusion M 
(919 ) Had Csesar lived to carry out into practical effect, 
as Chief Pontiff, his own reformation, an inconvenience 
would have been avoided, which at the very outset threw 
the whole matter into confusion The words of his edict 
establishing the Julian system have not been handed down 
to us, but it is probable that they contained some expression 
equivalent to “every fourth year, ’ which the priests misin- 
terpreting after his death to mean (according to the sacer- 
dotal system of numeration) as counting the leap year newly 
elapsed as Ho 1, of the four , intercalated every third instead 
of every 4th year This erroneous practice continued dur- 
ing 86 years, in which therefore 12 instead of 9 days were 
intercalated, and an error of three days produced; to rectify 
which, Augustus ordered the suspension of all intercalation 
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during three complete quadnenma — thus restoring, as may 
be presumed his intention to hate been, tbo Julian dates for 
the future, and re establishing the Julian system, which was 
never afterward vitiated by any error, till the epoch when 
its own inherent defects gave occasion to the Gregorian ref 
ormation According to the Augustan reform the jeirs 
A U C 761, 765, 769, etc , which we now call AD 8, 12, 
16, etc , are leap years And starting from this us a certain 
fact (for the statements of the transaction by classical authors 
are not so precise as to leave absolutely no doubt as to the 
previous intermediate year*), astronomers and chronologists 
have agreed to reckon backward m unbroken succession on 
this principle, and thus to carry the Julian chronology into 
past time, as if it had never suffered such interruption, nnd 
as if it were certain’ that Caisar, by way of securing the in 
tercalation as a matter of precedent, made his initial year 45 
B C a leap year Whenever, therefore m the relation of 
any event, either in ancient history, or m modern previous 
to the change of style, the time is specified in our modern 
nomenclature, it is always to be understood as having been 
identified with the assigned date by threading the mazes 
(often very tangled and obscure ones of special and na 
tional chronology and referring the day of its occurrence 
to its place in the Julian system so interpreted 

(920) Different nations in different ages of the world 
have of course reckoned their time m different ways, and 

* Seal ger Ideler and U e best author t es eo s der it probable A strong 
It not dec she argument in iU Car or U tt at Vugustus eddenttg intend ng to 
reinstate the Julian idea and with a clear v ew of the recent inconrenlences 
present to h a mind d d actually d reel the future interci Ut ons to take place in 
odd years U C. Such then no doubt, must h ve been Cu-snr a Intention For 
the correct op of Roman dates during the fifty tn o years between t) e Jul an 
and Augustan reformations see Ideler flandbuch der MaihemaliBcheu und 
Tecbnuchea Chronologte wh ch we take for our gu de throughout this 
chapter 
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from different epochs, and it is therefore a matter of great 
convenience that astronomers and chronologists (as they 
have agreed on the uniform adoption of the Julian system 
of years and months) should also agree on an epoch antece 
dent to them all, to which, as to a fixed point in time, the 
whole list of chronological eras can be differentially referred 
Such an epoch is the noon of the 1st of January, B C 4718, 
which is called the epoch of the Julian period, a cycle of 
7980 Julian years, to understand the origin of which, we 
must explain that of three subordinate cycles, from whose 
combination it takes its rise, by the multiplication together 
of the numbers of years severally contained in them, viz. 
the Solar and Lunar cycles, and that of the m dictions 
(921 ) The Solar cycle consists of 28 Julian years, after 
the lapse of which the same days of the week on the Julian 
system would always return to the same days of each month 
throughout the year For four such years consisting of 1461 
days, which is not a multiple of 7, it is evident that the 
least number of years which mil fulfil this condition must 
be seven times that interval, or 28 years The place in this 
cycle for any year A D , as 1849, 13 found by adding 6 to 
the year, and dividing by 28 The remainder is the number 
sought, 0 being counted as 23 

(922 ) The Lunar cycle consists of 19 years or 285 luna- 
tions, which differ from 19 Julian years of 3654 days only 
by about an hour and a half, so that, supposing the new 
moon to happen on the first of January, in the first year of 
the cycle, it will happen on that day (or within a very short 
time of its beginning or ending) again after a lapse of 19 
years, and all the new moons in the interval will run on the 
same days of the month as in the preceding cycle This 
period of 19 years is sometimes called the Metomc cycle, 
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from its discoverer Meton, an Athenian mathematician, a 
discovery duly appreciated by his countrjmen, as insuring 
the correspondence between the lunar and solar jenrs, the 
former of which was followed by the Greeks Public hon 
ors were decreed to him for this discovery, a circumstance 
very expressive of the annoyance which a lunar year of 
necessity inflicts on a civilized people, to whom a regular 
and simple calendar is one of the first necessities of life A 
cycle of 4x19—76 years was proposed by CaUippus as a 
supposed improvement on the Metomc, but in this interval 
the errors accumulated to 6 hours and in 4x76=304 years 
to an entire day To find the place of a given year m the 
lunar cycle (or as it is called the Golden Number) add 1 to 
the number of the year A D , and divide by 19, the re- 
mainder (or 19 if exactly du isible), is the Golden Number 
(923 ) The cycle of the mdictions is a penod of 15 yearn 
used in the courts of law, and in the fiscal organization of 
the Roman empire, under Constantine and his successors, 
and thence introduced into legal dates, as the Golden Num 
her, serving to determine Easter, was into ecclesiastical 
ones To find the place of a year in the indiction cycle, 
add 3 and dmde by 16 The remainder (or 16 if 0 remain) 
is the number of the indictional year 

(924 ) If we multiply together the numbers 28 19 and 
16 we get 7980, and therefore, a penod or cycle of 7980 
years will bnng round the years of the three cycles again m 
the same order, so that each year shall hold the same place 
in all the three cycles as the corresponding year xn the fore 
gomg period As none of the three numbers m question 
have any common factor, it is evident that no two years in 
t'he same compound penod can agree in all the three par- 
ticulars so that to specify the numbers of a year in each of 
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those cycles is, in fact, to specify the year, if within tha 
long period, which embraces the entire of authentic cliro 
nolog) The period thus arising of 7080 Julian years, i 
called the Julian period, and it has been found so useful 
that the most competent authorities bavo not hesitated to 
declare that, through its employment, light and order were 
first introduced into chronolog) ' We owe its invention or 
revival to Joseph Scaliger, who is said to have received it 
from the Greeks of Constantinople The first year of the 
current Julian period, or that of which the number m each 
of the three subordinate cycles is 1, was the year 4713 B C , 
and the noon of the lBt of January of that year, for the 
meridian of Alexandria, is the chronological epoch, to which 
all historical eras are most readilj and intelligibly referred, 
by computing tho number of integer days intervening be 
tween that epoch and the noon (for Alexandria) of the da), 
which is reckoned to be the first of the particular era m 
question The meridian of Alexandria is chosen a3 that to 
which Ptolemy refers the commencement of the era of Na 
bonassar, the basis of all his calculations 

(925 ) Given the year of the Julian period, those of the 
subordinate cycles are easily determined as above Con 
versely, given the years of the solar and lunar cycles and of 
the indiction, to determine the year of the Julian period 
proceed as follows —Multiply the number of the year in 
the solar cycle by 4845, ia the lunar by 4200 and in the 
Cycle of the Indictions by 6916 divide the sum of the prod 
ucts by 7980, and the remainder is the year of the Julian 
period sought 

(926 ) The following table contains' these intervals for 
some of the more important historical eras 


4 Ideler, Handbucb, etc., voL L p. 37 
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Iatertals tn Days Utireen the Cbnmenoemeni of L\t Julian Period, and t\at of 
tome other remarkable chronological and astronomical Pros* 
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(027) Tho determination of the exact internal between 
nnj two given dates, is a matter of such importance, and, 
unless methodically performed, 13 bo very liable to error, 
that tho following rules will not bo found out of place In 
tho first place it must bo rcmnrkcd, generally, that a date, 
whether of a da} or} ear, always expresses tho day or year 
current mul not elapsed, and that tho designation of a year 
b} AD or B C is to bo regarded as the name of that year, 
and not <u a mere number uninterruptedly desiynatmy the 
place of the year in the scale of time Thus in the date 
«1nn 5, BC 1, Jan G docs not mean that 5 days of Jan 
nary in tho }car in question have elapsed, but that 4 have 
elapsed, ntul tho Gth is current And the BC 1, indicates 
that the first day of the year so named (the first } car current 
beforo Christ) preceded tho first day of the vulgar era by 
ono a ear Tho scale of A D nnd B 0 , as already ob 
nened, is not continuous the year 0 in both being wonttng, 
so that (supposing tho vulgar reckoning correct) our Sawour 
was lorn m tho }ear BO 1 

(023 ) To find die year current of the Julian period (JP) 
corresponding to any gnen year current B C or A D It 
Ii O , subtract the number of the year from 4714, it A D , 
add its number to 4713 For examples, see the foregoing 
table 

(f)20 ) To find if e day current of the Julian period corre 
spondmg to any given date Old istyle Convert the year 
B C or A D into the corresponding year J P as above 
Subtract 1 and divide the number so diminished by 4, and 
call Q tho integer quotient, and R the remainder Then 
will Q be the number of entire yuadnenm/s ot 1461 days 
each, and R the resu£i> n! t years the first of which'*' ^ 7 nays 
a leap year Conve' Vo. days by the helpf -v (grst 

\ V jC'. I 
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of the annexed tables and R by the second, and the sura 
will be the interval between the Julian epoch, and the com 
mencement, January 1, of the year Then find the days 
intervening between the beginning of January 1, and that 
of the date day by the third table using the column for a 
leap year, where R=0, and that for n common year when 
It is 1, 2 or 3 Add the days bo found to those in Q-J-ft, 
and the sum will be, the days elapsed of the Julian period, 
the number of which increased hy 1 gives the day current 



n 












u 







T*8Ll: 3 —Day# elapsed from Jan 1 to the l#t of each Month 
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(030 ) To find the same for any given dato, New Style 
Proceed as abovo, considering the date as a Julian date, 
and disregarding tho change of style Then from the 
resulting days, subtract as follovra — 


For any dale of Now Style antecedent to March I AD 1700 
After leli 29, 1700 and before March 1, A.D 1800 
“ 1800 “ “ 1900 

" 1900 * ** 2100 


10 days. 

11 days 

12 days. 

13 days etc. 


(931 ) To find the interval between any tu,o dates, whether 
of Old or New Style, or one of one, and one of the other 
Pind the day current of the Julian period corresponding 
to each date, and their difference is tho interval requtred 
If the dates contain hours, minutes and seconds, they must 
s be annexed to their respective days current, and the sub 
traction performed as usual 

(932) The Julian rule made every fourth year, without 
exception, a bissextile, beginning with the year J P 1, 
which is to be accounted as such This is, m fact, an over 
correction, it supposes the length of the tropical year to 
be 865J 4 , which is too great, and thereby induces an error 
of 7 days in 900 years, as mil easily appear on trial Ac 
cordingly, so early as the year 1414 it began to be per 
ceived that the equinoxes were gradually creeping away 
from the 21st of March and September, where they ought 
to have always fallen had the Julian year been exact, and 
happening (as it appeared) too early The necessity of a 
fresh and effectual reform in the calendar was from that time 
continually urged, and at length admitted The change 
(which took place under the popedom of Gregory XHI) 
consisted in the omission of ten* nominal days after the 
4th of October, 1582 (so that the next day wss called the 


* See note C at the end of thus chapter 
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15th, and not the 5th) and the promulgation of the rule 
already explained for futare regulation The change was 
adopted immediately m all Catholic countries, but more 
slowly m Protestant In England, “the chango of style,” 
as it was called, took place after the 2d of September, 1732, 
eleven nominal days being then struck out, so that, the last 
day of Old Style being the 2d, the first of New Style (tho 
next day) was called the 14tb, instead o! the Sd Tho same 
legislative enactment which established the Gregorian jear 
in England in 1732, shortened the preceding year, 1751, by 
a full quarter Previous to that time, the year uas held to 
begin icith the 25 th March, and the year A D 1751 did so 
accordingly, but that year was not suffered to run out, but 
was supplanted on the 1st January by the year 1762 which 
(as well as every subsequent jear) it was enacted should 
commence on that day, so that our English year 1751 was 
in effect an “annus confusioms,” and consisted of only 282 
days Russia is now the only country m Europe in which 
the Old Style is still adhered to, and (another secular year 
having elapsed) the difference between the European and 
Russian dates amounts at present, to 12 days 

(933 ) It is fortunate for astronomy that tho confusion of 
dates, and the irreconcilable contradictions which historical 
statements too often exhibit when confronted with the best 
knowledge we possess of the ancient reckonings of time, 
affect recorded observations but little An astronomical 
observation, of any striking and well marked phenomenon, 
carries with it, m most cases, abundant means of recovering 
its exact date, when any tolerable approximation is afforded 
to it by chronological records, and so far from being ab 
jecily dependent on the obscure and often contradictory 
dates, which the comparison of ancient authorities indi 
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cates, is often itself the surest and moat convincing evi 
dcnco on which a chronological epoch can bo brought 
to rest Bcmarhablo eclipses, for instance, now that the 
lunar theory is thoroughly understood, can be calculated 
back for several thousands of years, without the possi 
bility of mistaking the day of their occurrence And, 
whenever any snch eclipse is so interwoven with the ac 
count given by an ancient author of Borne historical event, 
us to indicate precisely tho interval of time between the 
eclipse and the event, and at the same time completely to 
identify the eclipse, that date ib recovered and fixed for 
ever This has been done in tho cases of four v ery remark 
able total eclipses of the sun (tho dates of which are accord- 
ingly entered as epochs in the table of Chronological Eras, 
art 926), which have given nse (at least one of them) to 
much discussion and diversity of opinion among astrouo 
mere, but which have at length been definitively settled by 
Mr Airy on the occasion of the recent publication of Prof 
Hansen’s Lunar Tables, tho accuracy of whioh is such as 
to justify the most entire reliance on the results of such 
calculations grounded upon them 

(938 a ) The solar eclipse designated as that “of Thales 
is the celebrated one which is stated by Herodotus to have 
been predicted by that philosopher, and to have caused the 
suspension of a battle between the Medes and Lydians, fol- 
lowed by a treaty of peace Only a total eclipse, as Mr 
Baily had clearly shown, could have so attracted the atten 
tion of the combatants, and in a very remarkable memoir 
on the subject (Phil Trans 1811) that eminent astronomer 
wsta led, by the use of the best tables then in existence, to 
identify this eclipse with the total one of September SOth, 

B C 610 which, according to those tables, mu9t have 
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pa*3ed over the mouth of the River Ilalya (where it 
had alt along been aesuraed, though without any positive 
grounds for the assumption, the battle was fought) The 
same conclusion having been nrmetl at by M Oltmanns, 
the point was supposed to be settled Prof Ilansen’s ta 
bles, however, throw the path of the shadow in this eclipse 
altogether" out of Asia Minor, and even north of the Sea of 
Azof On the other hand the echp30 of B O B85, which 
was also total, passed, according to those tables, over Iesus, 
a locality satisfying all the circumstantial and genera! mili- 
tary conditions of the narrative even better than the Dalys, 
and at thi3 spot there can now be little or no doubt the 
battle was really fought 

(933 & ) The total eclipse of the sun which was witnessed 
by the fleet of Agathocles in his escape from Syracuse, 
blockaded by the Carthaginians, on the second daj of his 
voyage to Cape Bon, had been considered by Mr Baily 
in the memoir above cited, and found to be incompatible 
(according to the then existing tables) with the year B C 
810, supposing the former eclipse to have been rightly identi 
fed This having now been shown not to be the case, it 
is all the more satisfactory to find that, under veiy reason 
able and natural suppositions respecting Agathocles’ voy 
age, the total eclipse which did undoubtedly pass on the 
date assigned very near the southern corner of Sicily might 
have enveloped bis fleet, and that no other eclipse by posst 
bility could have done so 

(933 c) The "eclipse of Larissa" is related by Xeno 
phon to have caused the capture of the Asiatic city of that 
name, by producing a panic terror m its Median defenders, 
of which the Persian besiegers took advantage The site 
of Larissa haB been satisfactorily identified by Mr Layard 
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with Nimroud, and a pyramid of stone close to it (the city 
being of burned brick on a substructure of stone) is ex- 
pressly mentioned by Xenophon, the remains of which still 
exist, as well as those of a neighboring castle near Mespila 
(Mosul) built of shelly stone (also expressly mentioned as 
such by the Greek historian) According to Hansen’s ta- 
bles the total eclipse of May 19th, B C 557, passed centrally 
over Ntmroud, and- — the total shadow being in this instance 
a very small one, not exceeding Borne 25 miles in diameter 
— we are thus presented with a datum, m those remote 
times, having all the precision of a most careful modern 
observation, not only for establishing a chronological epoch, 
but for affording a point of reference in the history of 
the moon’s motion The eclipse of Sticklastad is of no his- 
torical importance ' 

(934.) The days thus parcelled out into years, tho next 
step to a perfect knowledge of time is to seonre the identifi- 
cation of each day, by imposing on it a name universally 
known and employed Since, however, the days of a whole 
year are too numerous to admit of loading tho memory with 
distinct names for each, all nations hat e felt the necessity 
of breaking them down into parcels of a moro moderate 
extent, giving names to each of these parcels, and particu- 
larizing the days in each by numbers, or by some especial 
indication The lunar month has been resorted to in many 
instances, and some nations have, in fact, preferred a lunar 
to a solar ohronology altogether, as the Turks and Jews 
continue to do to this day, making tho year consist of 12 
lunar months, orS54 days Our own division into twelve 

i Tho solar ©dipso In ike first year of tho Peloponnesian War which ttm 
total at Athens “aomo stars becoming risible,” according 10 Thucydides do- 
son ea to bo recomputed 8eo Itcls Ho supposes tho ec! pso not total, and 
tho * stars” to hnro been planets. 
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unequal months is entirely arbitrary, and often productive 
of confusion, owing to the equivoque between the lunar 
end calendar month * The intercalary day naturally at 
taches itself to February as the shortest month 

(935 ) Astronomical time reckons from the noon of the 
current day, civil from the preceding midnight, so that 
the two dates coincide only dunng the earlier half of the 
astronomical and the latter of tho civil day This is an 
inconvenience which might bo remedied by shifting the 
astronomical epoch to coincidence with the civil There is, 
however, another inconvenience, and n very serious one, 
to which both are liable, inherent in the natnro of the day 
itself, which is a local phenomenon, and commences at 
different instants of absolute time, under different me 
ndians, whether we reckon from noon, midnight, sunrise, 
or sunset In consequence, all astronomical observations 
require in addition to their date, to render them compar 
able with each other, tho longitude of tho place of obsorva 
tion from some meridian, commonly respected by nil ostron 
omers For geographical longitudes, the Isle of Fcrroo has 
been chosen by some as a common meridian, indifferent 
(and on that very account offensive) to all nations Were 
astronomers to follow such an example, they would prob 
ably fix upon Alexandria, as that to which Ptolemy’s ob 
Bervations and computations were reduced, and as claiming 
on that account the respect of all while offending the 
national egotism of none But even this will not meet 
the whole difficulty It will still remain doubtful, on a 
meridian of 180° remote from that of Alexandria, what 

• A month la law Is a lunar month or twenty e gbt days (II see Art. 
416) unless otherwise expressed —Blackstone t chap 9 a tease tor 
twelve months Is only for forty e glit weeks — Ibid yet tho same em neat 
authority (In trod § 3) Informs us that tlio law is the perfection of reason 
and that ‘what la not reason is not law ' 
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day is intended by any given date Do what we will, when 
it is Monday the 1st of January, 1849, m one part of the 
world, it will be Sunday the 81st of December, 1848, m 
another, so long as time is reckoned by local hours This 
equivoque, and the necessity of specifying the geographical 
locality as an element of the date, can only be got over by 
a reckoning of time which refers itself to some event, real 
or imaginary, common to all the globe Such an event is 
the passage of the sun through the vernal equinox, or rather 
the passage of an imaginary sun, supposed to move with 
perfect equality, through a vernal equinox supposed free 
from the inequalities of nutation, and receding upon the 
ecliptic with perfect uniformity The actual equinox is 
variable, not only by the effect of nutation, but by that 
of the inequality of precession resulting from the change 
in the plane of the ecliptic due to planetary perturbation. 
Both variations are, however, periodical, the one, jo the 
short period of 19 years, the other, in a period of enormous 
length, hitherto uncalculated, and whose maximum of 
fluctuation is also unknown This would appear, at first 
sight, to render impracticable the attempt to obtain from 
the son's motion any rigorously uniform measure of time 
A little consideration, however, wi 11 satisfy us that suoh 
is not the case The solar tables, by which the apparent 
place of the sun m the heavens is represented with almost 
absolute precision from the earliest nges to the present 
time, are constructed upon tho supposition that a certain 
angle, which is called 4 the Bun's mean longitudo” (and 
which is in effect the sum of the mean sidereal motion ol 
the sun, plus tho mean sidereal motion ofjhe equinox m 
tho opposite direction, as near as 1 1 can he obtained from 
the accumulated observations of twenty file centuries), in 
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(037.) ftclambre’* solar table* (»n 1635), when JM* modo 
o[ reckoning time was ilrsl introduced/ appeared entitled 
to thU distinction. According m these the sun's 

tncm longitude wti 0\ or the tnran vernal equinox or* 
corral, »n the year 1523, on the 22d of March at 1* 2" W 05 
Uiran time at Oreenrjeh, and therefore at 1' 12* SO' C5 mean 
tune at Part*, or 1* 50" 51*55 mein lime at Berlin, at which 
instant, therefore, the equinoctial time was 0* 0* 0* 0“-00, 
bring the commencement of the 162Hth yrar current of 
equinoctial time, tf wc choose to date from the mean 
tabular equinox, nearest to the vulgar era, or of the 0511st 
year of the Julian period, If we prefer that of the Drat jcvr 
of that period 

(P’3 ) Equinoctial time then date* from the mean vernal 
equinox of Delambre's solar tallies, and its unit i* the mean 
tropical yrar of thc*o table* (SftV 212241) lit nee, having 
the fractional part of a tiny expressing the difference be- 
tween the mem local time at any place (suppose Green- 
wich) on any one day between two eonsccutuc mean aernnl 
equinoxes, thnt difference will be tbr satno for every other 
day tn the name interval. Thus, between the mean equi- 
noxes of 1823 nntl 1829, the diflcrcnco between equinoctial 
and Greenwich time i* 0*950201 or 0* 22 v 67" O’ 95, winch 
expresses the equinoctial day, hour, minute, and second, 
corresponding to mean noon at Greenwich on March 23, 
1628, and for the noons of the 21th, 25th, etc., wo have 
only to substitute Id, 2d, etc, for 0*, retaining the same 
decimals of a day, or the same bourn, minutes, etc., up to 
and including March 22, 1829. Between Greenwich noon 
of the 22d and 23d of March, 1829, tho 1828th equinoctial 
year terminates:, and the 1829th commences. This happens 

♦ Oa li« Imuaco of tie *alior of litse pogta. 
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at 0* 236003, or at 6* 51" 50" 66 Greenwich mean timo, after 
which hoar, and until the next noon, the Greenwich hoar 
added to equinoctial time 864* 956261 will amount to more 
than 865 242264, a complete year, which has therefore to 
he subtracted to get the equinoctial dato in the next year, 
corresponding to the Greenwich time For example, at 
12 x 0" 0* Greenwich mean time, or 0* 600000, the equinoc- 
tial time will be 864 9562610-J- 600000=865 466261, which 
being greater than 365 242264, shows that the equinoctial 
year current has changed, and the latter number being 
subtracted, we get 0* 218977 for the equinoctial time of the 
1829th year current corresponding to March 22, 12" Green- 
wich mean time 

(939 ) IIa\ ing, therefore, the fractional part of a day for 
any one year oxpressing the equinoctial hour, etc., at the 
mean noon of any given place, that for succeeding years 
will he had hy subtracting 0* 242264, and its multiples, from 
such fractional part (increased if necessary by unity), and 
for preceding years by adding them Thus, having found 
0 198525 for the fractional part for 1827, we find for the 
fractional parts for succeeding years up to 1853 as follows * — 


1823 

1823 

1830 

1831 

1832 
isaa 
1834 


956261 

113901 

471733 

229469 

987205 

•man 

502C77 


1835 | 260413 II 1842 

1836 018149 1843 

1837 775885 1844 

1838 I 533621 1845 

1839 I 291357 1846 

mo wwu Vi mi 
1841 I 806829 II 


561565 

322301 

080037 

837773 

695509 

asam 


1848 

1849 


110931 

868117 

626453 

381189 

141925 

vyma 


16 These numbers diHer from those in the Nautical Almanac and would 
require to bo substitute 1 for them to carry out the Idea of equinoct al t mo as 
above* laid down In the years 1828-1833 the lata eminent editor of that 
work Dr Young used an equinox slightly differing from that of Bolombre, 
which. accounts for the 4 decency in thoaa years In 1834 it would appear 
that ft deviation both from the principle of the text and from (1 e previous prac 
tlco of that ephemens took place in deriving the fraction for 1834 from that for 
1833 which 1 is been ever since perpetuated It consisted in rejecting the 
mean longitude of Delarabre a tables, and adopting Bessel a correction of that 
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element The e IV-t of it 1* alteration to Intcri 3m Jts'OH ef pvrrlg iotagt 
ftary Wwe hetwacj l)i* m»J nf the rqulnoct'*! year 1815 and the bcfrlrreio* «f 
1831 or, (q utter words, it> trAc tl r Intcrra’ii between 11 o riont % t>‘ JJ»rr|, 51 
51, 1*31, Jib 3m 3« f*, when rrck<y>ed by equinoctial time In 1035. and 
In *1) aobsequent ;«n a further ijejwrmrp /»*« il o jrrorlj’e ot tic test tool, 
rircc by «>ih*tliuilrij{ IW*r|‘i tropcM year of 3C1 jtJJUS for DeUmbrc'B. 
Tint* the wbo'p anf jrel fell fnto ronfuaf-ui Under the present eminent aitper 
linen lent of the Nautical Alruanar ■ etanprnmlre l ■»» been r gt"Cted--a fixed 
equinoctial year of 3f.5 2 422 1 C dw wt»r d»ya 1 m Itch adnp'ed (and !l is to 
be lutv-d wt l J efccef >r» ar J U afl rrol (oj end corrections mated by winch tie 
dVa in tlio Almanac* for JSI0-1*34 m*Y l-e brought Into eon*'«tency with 
Groan io after year* According to ILU arrangiriont the fractional pafU In 
«J lotion tor JM1-IM5 will run «« follein- 



351001 
M2 'S3 
RtCrp 

&9*m 
35*121 T 
•114001 
'STUM 


1050 

1MJ 

1H3J 

1053 

1014 

1055 

1855 


CJS5C0 

383353 

145137 

002321 

CC0703 

4I»4»> 

175273 


I.Volf A e* Art 015 

\ ruin proposed by Oatr, a Persian astronomer of the wmrt of Gelaleddia 
Hoick Rchah, In A D 1070 (or more than fire pen lurie* before the reformation 
of Gregory) deserves notice It conalau In Interpolating a day, aa In the Julian 
nr idem, crcry fourth year, only postponing to the SJd year the fntcrcntotion 
which on that a/stem would bo made In the 33d. TMa la rqulralcnt to omit 
ting tho Julian Inlorcnlatlon altogether In each 128lh year (retaining all tlio 
other*) To produce an accumulated error of a day on this ayatem would re- 
quire a fspso of COOO year*, »o that the Peralan aatrooomcr’a mto I* not only 
far more airoplo, but material!/ more exact than the Gregorian.] 


(Xbt* B e* HMe. Art. 923 

The clrll epoch* of tho Ifetonic cycle and tho Hejira are each one day later 
than tho astronomical, the latter being tho epochs of tho absolute nru> noons, 
tho former those of tho earliest pcwaiblo visibility of tho lunar crescent In a 
tropical sky if Blot has shown that the solstice and now moon not only 
coincided on the day here act down as the commencement of the Calhppfc cycle, 
but that, by a happy coincidence, a tore possibility existed of seeing Up crcs 
cent moon at Athena in (hi a that day. rerkooc-i from midnight to midnight ] 


[Able 0 on Art 032 

Tho reformation of Gregory ww, after all, incomplete. Instead of 10 days 
ho ought to have omitted 15 Tho Interval from Jan 1, A D 1, to Jan 1, 
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A.D 1592, reckoned iw Julian years. Is 61? WO days, and as tropical, 617443, 
with an error not exceed' ug Od 01, the difference being 13 days, whceo omia 
sion would have completely restored the Julian epoch Hut Gregory assumed 
lor ha fixed point of departure, not that epoch, but one later by 324 years, 
tb. Jan 1. A.D 325, the year of tlio Conned of Nice, assuming which, the 
d fference of the two reckonings Is Od 506, or, to tlio nearest whole number, 
10 day* To such as may hiTe occasion, (n an Isolated case, to compute the 
Interval between the beginnings of two proposed years, or the number of 
day* elapsed from J*n 1st Oh. of the one to Jan 1st Oh of the other, the 
following formula! will bo found useful In which ft Is to bo observed that 

the notation ■— Is nsed to express the integer portion only o! the quotient 

when one number m Is divided by another n, and where P Is the number of 
days required. 

Cose 1 — T cars before Christ— from B c * to a d I 
D — * 3G5+2=^i 
Caso 2 — 1 ears after Christ — from AD 1 to A D * 

(A) . D — (x — ]) 365 + 

(B) D-(x— I) 3654-«i— £^2? + ^. 

•where the formula (\) is to bo used if tho later date (x) is le/ore tlio change 
of style In that particular country for which the calculation is made, and 
(B) if after ] 


[Note D Art 22S a 

(223 a ) Since the table of measured arcs in art 216 was 
compiled, vast additions have been made to our knowledge 
of the true figure and dimensions of our globe especially 
through the extension of the two great arcs of Russia and 
India, the former of which has been enlarged to an amph 
tnde of 23° 20, the latter to 21° 21 The whole series of 
geoSesical measurements of any authority, executed m all 
parts of the world (these and the French arc, the next in 
magnitude, of course included) have been lately combined 
under one general and comprehensive system of calculation 
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b) Capt A R Clarke, 31 E , in nn elaborate memoir (Jfem 
R Ast. Boo vol xxix 1860), of which the final result (m 
eluding some slight subsequent corrections) may be stated 
as follows 

The earth is not exactly an ollipeoid of revolution The 
equator itself is slightly elliptic, tbo longer and shorter 
diameters being rcspcctucl} 41,852,864 and 41,8-18,096 feet 
The ellipticity of tho equatorial circumference is therefore 
<mi and tho excess of its longer over its shorter diameter 
about two mileB Tho ’xerticcs of the longer diameter are 
situated in longitudes 14° 23 E and 194° 23 E of Green 
wich, and of its shorter in 104° 23 and 284 6 23 E The 
v polar axis of tho earth is 41,707,706 feet in length, and 
consequently tho most elliptic meridian (that of long 14° 
23 and 194° 23*) has for its ellipticity ^ and tho least so 
(that of long 104° 23 and 284° 28’) an ellipticity of 

General Schubert also (Mem Imp Acad Petersb 1859) 
has arrived at a somewhat similar conclusion, by a totally 
different (and, os appears to us, Jess general and definitive) 
system of calculation He makes the ellipticity of tho 
equator and places the vertices of its longer axis 
26° 41 to the eastward of Capt Clarke’s Sis polar 
axis, as deduced from each of the three great meridian 
arcs, the Russian Indian and Trench respectively, is 
41,711019, 41,712 534 and 4l 697 496 feet the mean of 
which, gi vi Dg to each a weight proportional to the length 
of the arc from which it is deduced " is 41,708,710 
A very remarkable consequence follows from these re 
suits If we reduce the polar axis last found to Bnt 

a Th 9 Is not Gen Sch bert 8 mode of proeed re He arb tranty excludes 
the result of the French are a d gfres the Rasa an double tbo we git ol i be 
Indian — a procedure man feutly unfa r 
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ish imperial inches, the result is 500,504,620, exceeding 

500.600.000 by 4520 in. On the other hand Capt. Clarke’s 
result similarly reduced is 500,493,552, falling short of 

600.500.000 by &J48 in., so that we may take 600,500,000 
inches for the length of the earth’s polar axis, with every 
probability of being within 150 yards of the truth. Were 
our imperial standard of length, then, increased by exactly 
one thousandth part, the inch, foot, yard, etc., retaining 
their present relativo proportions, oar inch would then 
be, with all but mathematical precision , one flve-hundred- 
millionth part of the earth’s polar axis, a unit common to 
all the world. And, what is still more remarkable, if at 
the same time oar standard of weight were increased by one 
2,600th part % (or one-seventh of a grain on the ounce), an 
ounce of distilled water, at onr present standard tempera- 
tare of 62° Fahr., would occupy precisely one-thousandth 
part of our (then) cubic foot, and our half-pint precisely 
one- hundredth. Thus, by a change such os would be ab- 
solutely unfelt in any commercial transaction, we should 
be put in possession of a modular or yeometneal system 
(which we might decimalize if thought proper) far supe- 
rior both in principle and in accuracy to anything which 
has yet been devised on the important subject of a national 
system of weights and measures, the French metrical system 
not excepted.] 

[.Vote E on Art 234 

Mr Broun of Edinburgh, and JL Babinet of Pans, have each separately and 
independently devised extremely ingenious applications ol the principle ot the 
torsion balance, to bring into equilibrium tho force of gravity and the elastic 
force of a metallic spring, with a view to utilize the method here suggested of 
ascertaining the vitiation of gravity It were much to be desired that both 
their methods should bo brought to the test of practical trial ] 
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[Note F, Art 357. * 

(357 a ) A series of concerted observations of the differ 
ences of apparent declinations between the plauet 5 Cars and 
neighboring fixed stars, set on foot at the instance of M. 
"Winnecke, daring its last opposition, which took place 
under circumstances of proximity to the earth particularly 
favorable to the determination of its parallax, has resulted 
in assigning to that planet a parallax greater by about one- 
twenty seventh part than that which would correspond to 
its distance as computed for the time by the hitherto as- 
sumed dimensions of the planetary orbits The conclusion 
of course is, that these dimensions (including the earth’s 
> distance from the sun) lnve been overestimated by that frac- 
tional part of their value, that the sun's parallaa, m place 
of 8* 6 or more exactly 8' 5766, should be set down at 
8* 8953, and its distance at 91,600,000 instead of 95,000,000 
miles Now it is strongly corroborative of this conclusion, 
and, at the same time affords a striking instance of the way 
in which the several departments of science depend on and 
illustrate one another, that a correction in the same direc 
tion, and to nearly the same amount, is indicated by a re- 
cent redetermination, by direct experiment, of the velocity 
of light by M Foucault, who finds that velocity not only 
less than that concluded by M Fizeau’s experiments (see 
art 645), but even Jess than the commonly received esti- 
mate of 192 000 miles per seoond, by about the same frao- 
tional part Light, as shown in art 645, travels over the 
diameter of the earth’s orbit in 16“ 26 6, and the time 
remaining the same, a diminished speed corresponds to a 
diminished diameter, and therefore the sun’s distance com 
puted from the velocity so determined, and the time as 
given by observation, will come to be diminished in the 
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same proportion These and several other conspiring inch 
cations lead to an extremelv strong presumption that all the 
dimensions of oar system ha\e been oierrated, and should 
be diminished by about one twenty eighth part 

(357 6 b ) In strong corroboration, or rather in fall con 
donation, of this presumption, it must be especially noticed, 
that quite recently the whole subject of the reduction of the 
transit observations of 17G9 ha3 been resumed by Mr Stone 
in a memoir for which the gold medal of the Astronomical 
Society for I860 has been awarded to him, in which be has 
clearly shown that the received result of those observations 
ha3 been vitiated by n misinterpretation of the expressions 
nsed by the observers in describing the phenomena of the 
external and internal contacts of the limb of Venus with 
that of the sun, which are complicated with certain optical 
appearances materially influencing the estimation of their 
times of happening, and that when those expressions are 
taken according to their real and legitimate meaning, and 
duly calculated on, they afford a value for the solar paral 
lax of 8' 91 with a probable error of 0' 03 (in place of the 
hitherto received value, 6* 5776), agreeing very precisely 
with the value (8' 943) deduced by him from the assem 
blage of comparative observations Of Mars in his opposition 
of 1862 instituted at Greenwich, the Cape of Good Hope 
and Williamstown, Victoria NSW 

(357 c) The distances being diminished m any ratio, 
the estimated masses will require to be diminished also, 
m the ratio of the cubes of the distances, for all the dis 
tances will have to be reckoned on a new scale, and among 
the rest the diameters of the orbits of all satellites (the 
moon excepted), and as the squares of the periodic times 
are as the sums of the masses directly and the cubes of the 
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distances inversely, the times remaining unchanged the 
masses must he diminished in the same proportion ns those 
cubes 

($57 (!) The time is not jet come for a complete and 
final determination of tbo exact "coefficient of diminution” 
to be applied to our plnnotaiy elements The whole matter 
is too recent, and we must wait for the next transits of 
Venus in 1874 and 1882 for a full and precise settlement 
of this important question Meanwhile, therefore, and pro 
visiomdly, the reader will bear in mind that in all our nu 
mcncal statements of distances (those of the fixed stars and 
the velocity of light inclusive, but that of tho moon ex- 
cepted), as well in the text as in the tables of elements, the 
numbers set down have to be diminished by one twenty- 
eighth of their value, and in the case of the masses (the 
moon s excepted) m the ratio of 27‘ 28’ or of 0 89664 to 1. 

(S57 e ) The superficial reader (one of a class too numer- 
ous) may think it strange and discreditable to science to 
have erred by nearly four millions of miles m estimating 
the sun's distance Bat such may be reminded that tho 
error of 0' 82 in the sun’s parallax, on which the correction 
tarns, corresponds to the apparent bread tJi of a human hair 
at 125 feet, or of a sovereign at 8 miles off, and that, more 
over, this error has been detected and the correction applied, 
and that the detection and correction have originated with 
the friends and not with the enemies of science ] 

{Note G , Art 887 o 

This curious appearance of the “pores” of the sun’s 
snr!ac& has lately received a most singular and unexpected 
interpretation from the remarkable discovery of Mr J. 
Kasmytb, who, from a senes of observations published in 
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the Memoirs o{ the L\t end Phil Society of Manchester 
for 1862, made with a reflecting telescope of bis own con 
struction under very high magnifying powers and under 
exceptional circumstances of tranquillity and definition, 
has come to the conclusion that these pores are the po 
lygonal interstices between certain luminous objects of an 
exceedingly definite shape and general uniformity of size, 
whose form (at least as seen in projection, in the central 
portions of the disk) is that of the oblong leaves of a willow 
tree These cover the whole disk of the son (except m the 
space occupied by spots) in coantless millions, and lie 
crossing each other in every imaginable direction A rep 
resentation copied from the figure in Mr Nasmyth 8 memoir 
(the engraver being aided by photographs from his original 
drawings obligmgty supplied by him for the purpose) of 
the structure of the general luminous surface, is given in 
our Fig 1, Plate B, while Fig 2 of the same plate exhibits 
their arrangement at the borders and in the penumbras of 
a spot This most astonishing revelation has been con 
firmed to a certain considerable extent and with some 
modifications as to the form of the objects, their exact 
uniformity of size, and resemblance of figure, bj Messrs 
De la Rue, Pritchard, and Stone in England, and M Seccbi 
in Rome Mr Stone compares them to nee grains, others 
to bits of straw They strongly suggest the idea of solid 
bodies sustained in tn equilibria at a definite level (deter 
mined by their density) in a transparent atmosphere passing 
by every gradation of density from that of a liquid to that of the 
rarest gas by reason of its heat and the enormous, anperin 
cumbent pressure (aa in the experiments of M Cagmard 
de la Tour on the vaporization of liquids nnder high pres 
sure), their luminosity being a consequence of their solidity, 
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transparent nnd colorless fluid* radiating no light from their 
interior however hot 11 

(S87 6) In speaking of the intimate nature of the sun's 
luminous envelope, the remarkable phonomcnon witnessed 
on the 1st of September, 1850, by two independent ob 
servers, Mr Carrington and Mr Hodgson, ought not to 
ho parsed in silcoco These two gentlemen viewing the 
sun, each at his own residence nnd without previous con- 
cert, at tho same instant of time on that day, were both 
surprised by tho .sudden appearance, in the immediate 
confines of a largo irregular spot, of what -seemed to be 
two luminous clouds, m«e/» more brilliant than the general 
stn/ace of the aim They lasted about five minutes, and dis- 
appeared almost instantaneously, sweeping in that interval 
among the details of tho spot, with a visiblo progressive 
motion, over a space which could not bo estimated at less 
than 85,000 miles The magnetic needle, as was afterward 
ascertained, underwent a considerable and sudden disturb- 
ance at that very time, and the phenomenon, indeed, 
occurred during tho continuance of one of tho most re- 
markable and universal “magnetio storms" on record 

(887 c c) To Mr Carrington, also, we owe a long 
continued and most elaborate series of observations of the 
solar spots (contained in o memoir recently presented to 
the Royal Society) continued through a whole period of 
their maximum and minimum frequency arriving at the 
conclusion that the period of rotation of a spot is depen- 


»« Such Is the tww of Iheir nalnro and of that of the aolar photosphere Bug 
Rested by tha author In a paper * On tbs Solar Spots ” pub! shed in the Q«sr 
lerly Journal of 8cienca for April 2861 Jf Faye In a Sfemc r read to tho 
French Academy in January 2565 has arnred at a concilia on nearly analo- 
gous It ought to ba noticed that Mr Dawes all'll professes himself diS3&Usfled 
as to the existence of these objects. 
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(lent on its heliographical latitude, those on and near the 
sun's equator being carried round more swiftly than those 
in northern and southern latitudes The empirical law at 
which he arrives as n mean expression of all his observa 
tions assigns for the movement of rotation ptr diem of 
a spot m heliographical latitude l 

856 — 165' (am t) u ‘, 

so that a spot on the equator will make a complete sidereal 
revolution in 24* 202 — one in N or S latitude 16° in 25 4 44, 
and in 80° N or S in 2G 4 24 

(887 d d ) The confinement of the spots to a region lim- 
ited both ways in latitude and rarely beyond 80° on either 
side of the solar equator, as well as the frequency of their 
arrangement along parallels of latitude, has already (art. 
893) given us ground to conclude the existence of a circu- 
lation in the solar atmosphere relatively to tbo solid body 
of the sun, and to surmise an analogy between the cause of 
that circulation and that of the trade winds in our own 
atmosphere It has been suggested’* that, owing to oblate 
ness in the solar atmosphere, its greater depth in the equa- 
torial regions might be conceived to oppose the free escape 
of heat more than in the polar, and so might give nse to 
a permanent inequality of temperature m the two regions 
from which movements analogous to those winds must of 
necessity originate "Were this the case, however, one of the 
results would (of equal necessity) be the production of an 
equatorial region of calm Supposing our earth so covered 
with cloud that a spectator without could never see the 
solid body, and could judge only of its rotation from the 
observed circulation of dark masses of its clouds , he might, 


■ Be-, til la of Astronomical ObseM'JtKras at tha Oape of Good Hope, p 431. 
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it is true, conclude corrcctl} tho time of rotation of tho 
solid body Irom obsenation of cloudy masses in the higher 
strata eitlior on tho equator or in high latitudes, but in the 
two intermediate zones north nnd south of tho equator, he 
would conclude a greater rapidity of rotation, owing to the 
general westerly tendency of tho upper aerial currents in 
thoso rones In proceeding then from tho poles toward the 
equator, bo would find, first, an apparent acceleration, then 
in certain latitudes N and S a maximum of rotary velocity, 
and thence up to tho equator a comparati\o retardation 
Mr Carrington's law is thoreforo incompatible with this 
supposed analogy , and wc must look elsewhere for its ex 
planation The only one which seems at all satisfactory is 
that of external force impressing such a movement, and 
thus we fall back upon the frictional impulse of circulating 
planetary matter in process of subsidence into and absorp 
tion by the centrnl body The rotation of the sun, it will 
bo remembered, is very much slower than that of a planet 
revolving just clear of its surface — a fact perfectly in unison 
with that theory of the formation of our system to winch 
the term "the nebular hypothesis” (arts 871, 872) has been 
applied, according to which the central body has resulted 
from the aggregation of all the matter assembling from 
every quarter, whose movements conflicting would destroy 
each other, leaving only os a surplus that small portion of 
rotation in one direction which remained outstanding The 
same considerations render an equally plausible account 
of the intense heat of the central body ] 

(/foie H, Art 430 a 

The enormous size and vast depth of many of the lunar 
craters, far surpassing, in both respects, anything observed 
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on onr globe, ore certainly very striking features, bnt are 
easily reconcilable with what we know of the special condi- 
tions which obtain on the moon’s snrface. For while on 
the one hand the force of volcanic explosion and ejection 
is nowise dependent on the total mass of the planetary body 
on which the volcano may subsist, the repressing power 0 
prevent an outbreak, which is the weight of the incumbent 
matter, is only about one sixth of what an equal mass of 
overlying matter would exert on the earth, the force of 
gravity on the moon being less than that on the earth 
in that proportion. Again, when disrupted and scattered 
in fragments, the force generating their velocity of projec- 
tion being the same, and therefore also that velocity, the 
broken fragments, stones, scori®, otc., ejected would bo 
burled to far greater distances, being less powerfully coerced 
by gravity, in the same ratio. Most of the ejected matter 
would therefore fly out beyond the rims of the craters, in- 
stead of falling back to refill them. And lastly, we have 
to add, the absence of the resistance of an atmosphere— 
that powerful coercer of projectile range here on earth. 

(430 5ft) Changes in the aspect and configuration of 
particular portions of the lunar disk have "been often sus- 
pected, but no satisfactory evidence had been obtained 
of anything which could not be accounted for, either by 
the difference of optical power m the telescopes used, or 
by difference of presentation to the solar rays, or to those 
reflected from the earth. Quite recently, however, on the 
16th of October, 1866, the crater marked as A in Lohr- 
mann’s Chart (sec. iv ), and designated by Madler under 
the name “Linnseus” (3 crater five miles and a half in 
diameter, and very deep, and which had served those 
selenographers as a zero point of the first class for their 
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micrometrical measurements), has been doclarcd by Professor 
<T. Schmidt, Director of the Observatory at Athens, to have 
altogether disappeared, and to bo replaced by a smooth sur- 
face, unmarked by any shadowl Subsequent observations 
made by him in November and December, under the most' 
favorable circumstances as to solar illumination, failed to 
show any signs of the missing crater, tboagb other much 
smaller ones in the neighborhood wero readily perceived. 
Tho roost plausible conjecture as to tho cause of this dis- 
appearance seems to bo the filling up of the crater from 
beneath by an effusion of viscous lava, which, overflowing 
tho rim on all sides, may have so flowed down the outer 
Blope as to efface its ruggedness and convert it into a grad- 
ual declivity casting no stray shadow.} 

(Nob I on Art 437. 

Our Plato 0 exhibit* tho appearance of a very rough and volcanic portion 
of tha moon's Surface as modelled from telescopic observation by Mr. Nasmyth, 
the engraving being taken from the photograph of tho original model kindly 
furnished by hun for tho purpose. A Very ingenious Idea of Mr Wheatstone 
has enabled the photographer to produce stereoscopic new* of the moon, pre- 
senting it, not as a flat disk, but as a sphere, with all the mountains in full 
xetief, anil with all the apparoance of a reel objoct. Giving to the libration of 
tho moon (art. 435) the same point of her surface w teen sometime* on one aide 
of the centre of her disk, and sometimes on the other, the effect being the same 
as if, the moon remaining fixed, tho eye were shifted from right to left through 
an angle equal to tho total libration. Now this la the condition on which Stere- 
oscopic vision depends- so that by choosing two epochs fn different lunations In 
which the moon shall be presented in the two aspects heBt adapted lor the pur- 
pose, and in the tarns phase of iffum motion (which the annual motion of the 
earth renders possible, by bringing the moon to tho same elongation from the 
sun, in different parts of her own elliptic orbit), and taking separate and inde- 
pendent photographs of It in each aspect, the two stereosco pi colly combined, so 
completely satisfy all the requisite conditions as to show the ephcncal form just 
as a giant might see it whose stature were such that the interval between his 
eyes should equal the distance between the place where the earth stood when 
one view was taken, and that to which it would have to bo removed (our moon 
being fixed) to get the other. Nothing can surpass the impression of real cor 
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portal farm thus conveyed by some of these pictures as tnVeu by Ur, Xta 1 1 ltno 
with hu powerful reflector, the production of which {as a slop in some sort 
taken by man outside of tho planet he inhabits) is one of tlw most remarkable 
and unexpected triumphs of scientific art. 

Mr. Birl Im recently bestowed much pains on the frequent and minute 
scrutiny of particular and limited regions of the lunar surface ] 

[JVofe J. 

(859 a.) It is not necessary that the companion body pro- 
ducing these disturbances of proper motion Bhould be non- 
luminous. Nothing prevents that it should be a small 
companion star which, though invisible to ordinary tele- 
scopes, or lost in the brightness of the disturbed luminary, 
become visible through telescopes of increased power. 
Antares has such a minute companion at only 12' distance, 
a Lyrse at 48', and Procyon at 46'. A disturbance in the 
regular progression of proper motion of the conspicuous 
star, periodical in its nature, both in R. A. and in N. P. D., 
would arise from the displacement of the larger star around 
the common centre of gravity, however comparatively mas- 
sive, and (mass for mass) greater the greater the distance of 
the individuals. It was not, therefore, without much inter- 
est that astronomers received the announcement of the re- 
cent detection of a Bmall companion of Sirius, by Mr. Alvan 
Clarke, a most eminent and successful constructor of large 
achromatic telescopes, by means of an instrument of this 
description constructed by him of 18 inches aperture. Ac- 
cording to Messrs. Rutherford, Bond and Chacornac, this 
companion is at present situated at about 10' distance, 
nearly following Sinus. It remains to be examined, how- 
ever, by a senes of observations of distance and position 
continued for many years, 1st, Whether this star really is 
a satellite or binary compatuoa of the principal star — a con- 
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elusion to which some have jumped (not unnaturally), and, 
2d, Whether, if so, its attraction will explain the observed 
inequalities of proper motion, which by no means follows 
of course far more so, as M Goldschmidt assures us that, 
with a telescope of very inferior power to that of Mr 
Clarke, he has detected no less than six small companions 
of Sinus at distances from 10' to 60' Should this be ven 
fled, we have our choice of disturbing influences, and it 
would be hard if the minute displacements, respecting 
which Messrs Auwers and Peters agree (or any other) 
conld not be plausibly explained antecedently to the mdia 
pensable verification of a real physical connection Mean 
while the conclusions of these geometers rest upon observed 
inequalities m E A only Prof Safford, of Ann Arbor, 
tT S , has, however, investigated those in polar distance, 
and finds that they are alike reconcilable with an elliptic, 
orbital motion, with one not incompatible with that previ 
ously assigned and with the hypothesis that the newly dis 
covered star, so far as it has jet been observed, is really 
the disturbing body 

(869 b b ) Spectrum analysis (see Note M) has of late 
been applied by various observers with great diligence and 
success to the light of the fixed stars and even to that of 
the nebulse Those of the stars are found to exhibit (van 
ously for different stars) many of those fixed lines which 
are considered characteristic of chemical elements such as 
are found in our planet In applying this method of exam 
ination to Sinus, however, Mr Huggins has found that the 
brightest of three lines characteristic of hydrogen corre 
epoods to a position in the spectrum ol that star very 
slightly differing from the position of the same lino in tho 
solar Bpectrum, and that in point of fact, the index of re 
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fraction of the pnsm employed for that lme in the stellar 
spectrum is less, by a minute but measurable quantity, than 
in the solar To interpret this observation, it must be re 
membered that the undulatory theory of light postulates, 
as a condition indispensable to its interpretation of the 
different refrangibihty of the rays, that the velocity of 
propagation o! a luminous undulation vnthxn the refract- 
ing medium shall depend (according to some law depending 
on the physical nature of the medium) on its wave length on 
arriving at the refracting surface, or, in other words, on the 
number of its undulations per second which are incident on 
that surface, the longer waves or less number per second 
corresponding to the lower degree of refrangibihty Sup 
pose now a certain ray to originate in Sinus from some 
vibratory movement of a particle of its matter producing 
isochronous impulses of a certain determinate frequency 
on the luminiferous ether Sinus being at any definite dis 
tance from the earth at the moment of the first impulse, 
that impulse will reach the prism at a certain moment, and 
were the Btar and earth relatively at rest, its successors 
would follow it up and reach the refracting surface at in 
tervals of time precisely equal to those of their origination 
But if the star and earth be receding from each other with 
any uniform velocity, the next succeeding impulses, having 
each in succession a greater and greater distance to travel, 
will require a longer and longer time to arme, or, in other 
words, the intervals of time between the arrivals of sncces 
sire impulses will exceed the intervals between their ongi 
nal production, each by as much time as it would take a 
ray of light to travel the distance run over by Sinus from 
the earth between two consecutive impulses Amved at 
the prism then, the ray consisting of these vibrations will 
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have a lower refrangibihty than if the distance of the star 
irom the earth had remained unaltered, and the amount of 
this difference being ascertained (by a most oicq and deh 
cate process of observation), the ratio of the relative ve 
locity of recess of the star from the earth to that of light 
can be ascertained Referring for details to Mr Huggins' 
memoir, M we may state, as his final conclusion, 41 4 miles 
per second for this relative velocity, of which, at the time 
of observation, 12 miles per second were due to the mo 
tion of the earth m its orbit, leaving 29“ 4 per second, or 
2,640,000“ daily, for the increase of distance between Sinus 
and our system The validity of this conclusion rests, of 
course, on the assumption (for in the absence of observation 
of other lines in the spectrum it can be only such) that the 
fixed line observed is due to hydrogen, and not to some 
other (unknown) chemical element ] 

[Note K, Art 896 a 

Several objects observed as nebula; are now missing 
from the heavens They are such as have been (for the 
most part) only once observed, and may reasonably be sup 
posed to have been telescopic comets This, indeed, has 
in one instance proved to have been really the case as, by 
tracing back the path of the 2d comet of 1/92 to the date 
of tho observation of a nebula discovered by Maskelyno on 
Peb 14, 1793, but which is now missing, it appears to have 
really occupied that place (R A 2 b 39", N P D 46° 16 1 ) 
at that time But, besides these, there are cases in which 
a nebula, undoubtedly such, has either disappeared and 
reappeared in the same place, or has undergone some 
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remarkable change of brightness; or, lastly, has been 
observed as a conspicuous object in a part of tbo heaven* 
so well known as to make it exceed ingly improbable that 
it should have e«capeil all previous observation. 

(896 b.) On tbo 11th Oct, 1632, "Mr. Hind discovered a 
nebula in Taurus, previously unnoticed — in R. A. 4' 14", 
K. P. I). 70’ 40' (1860). He saw n repeatedly, and in 1855 
and 1856 it was reobserved by M. D’Arrest On the 3d 
Oct , 1861, M. D’Arrest missed it. “Ilujus nebulas . . . 
ne umbram quidem,” be says, “dctcgcro vatco. Attamen 
eemel nc ftirpius a me annis 1835 ct 1850 observata cat, 
ejusque locus quntcr determinatus." On Dec. 29, 1801, it 
was again seen, thoagh with the utmost difliculty, in the 
great Pulkova refractor by M. Otto Struve, after which 
it had bo far incTensed in brightness on March 22, 18G2, 
as to bear a faint illumination of the wires. 

(890 c.) On Sept. 1, 1859, Mr. Tuttle discovered a nebula 
not previously observed, in R. A. 18* 23" 66*, N. I*. D. 
15® 29’ 48' (I860) This nebula is described by M. Aimers 
as pretty bright and elongated m form. On the night of 
Sept. 24, 1862, it appeared to M. D’Arrest so brilliant and 
remarkable that he considers it impossible it should have 
been overlooked (if then bo conspicuous) in tbo sweeps 
made by my father and myself over that part of the 
heavens. 

(890 d .) Mons. Chacornac has recently announced in the 
‘‘Bulletin M6t4or. do Pans,” under date of April 28, 1863, 
the discovery of a nebula in Taurus, in R. A. 5* 29“ 4*, 
N. P. D. 68® 62' 20' (1860), so conspicuous as to render 
ita ona-ijtarinua discovery mnst imijtahable., in a portion 
of the heavens so frequently under inspection, if always 
of its present brightness. 



868 


OUTLINES OF ASTRONOMY 


This is perhaps the right place to mention that a general 
catalogue of nebulse and clusters of stars (6,078 in number) 
in OTder of II A., and brought up to I860, with precession 
for 1880, and descriptions, prepared by the author of this 
work, has been published by the Royal Society as Part I. 
of the Philosophical Transactions for 1864. 

(896 h k.) Spectral observation, as already mentioned, 
has beeD recently applied to the brighter nebulte. The 
light, even of the brightest of these objects, is so exces- 
sively feeble (for it will be borne in mind that telescopes 
afford no means of increasing the intrinsic brightness of a 
aurjace) that any perception of delicate, * hair-like, dork 
lines tn their spectra like the fixed lines in that of the son, 
is not to be expected. The phenomena which they exhibit, 
however, nro very peculiar, and more in analogy with those 
of flame, or incandescent gases, than with solar or 'stellar 
sources of light. The brighter globular cluster, indeed, 
and those ncbul® of irregular forms, which are either 
clearly resolved, or evidently of a resolvable character, 
give stellar spectra, i.e. trains of light of all gradations of 
refrangibility. It is otherwise with many of those nebula? 
of Sir W. Hcrschol'8 4th class, to which the designation 
“Planetary Nebulas’* has been applied, and with some 
others of an irresolvable character, among which are tho 
great nebulas in Orion nnd Argo. The light of these is 
either monochromatic, that is, consisting of rays of ono 
definite refrangibility (corresponding in all of them hitherto 
observed to the nitrogen line in the solar spectrum, or to 
the light emitted by nitrogen gas rendered mcamle«<.ent 
by tho electric discharge) ,*or composed of this and of two, 
and in some few o/i«es of three, other such monochromatic 
rujfl, one of which corresponds to one of the hydrogen 
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lines of tUe solar spectrum Such, in brief summary, are 
the remarkable and important results obtained by Mr 
Huggins, 1 * and fully corroborated by the observations of 
Lieut J Herschel, R E , made at Bangalore, with the great 
advantage of an Indian Bky, by the aid of a spectroscopic 
apparatus furnished (with the telescope already mentioned) 
by the Royal Society for observation of the solar eclipse 
of August 18, 1868 14 If any hesitation should remain as to 
the certainty of conclusions from the scrutiny of objects 
so excessively faint, it will be removed by a fact recorded 
by the last named observer, viz —that on removing the slit 
or limiting aperture of the spectroscope, and viewing through 
the prism the whole field of the telescope directed to Mea 
Bier’s 46th cluster, a rich and brilliant assemblage of stars, 
including among them the planetary nebula H IV 89, the 
latter was seen as a faint patch of light in the midst of an 
infinity of streale, the continuous spectra of the individual 
stars ‘Nothing, ’ he remarks, “could have been more 
conclusive as a test ’ ,T Had the light of the nebula not 
been monochromatic or nearly so, its dilatation by the 
prism would have precluded its being seen at all as a 
definite object ] 

[Note L, Art 858 a 

A fundamentally different method of treating the prob 
lem of the sun s proper motion from any of those described 
in art 857, has been adopted by the present Astronomer 
Royal, by which the assumption of an approximate knowl 


11 Phil Trane 18M, 1868 

* Proceeduiga of the Royal Society xri. p. 481 and xr pp 58 103 
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(896 e ) Certainly the last place in tho heavens in which 
the disco \ cry of a new nebula woulil have been expected, 
is withm the cluster of tho Pleiades Yet hero, close over 
Me rope, one of the more conspicuous stars of that cluster, 
on Oct 19, 1859, Mr Tcmpel observed n largo bright neb 
ula which he took for a comet, find was only undeceived 
when, on observing it noxt night, he found it unchanged 
in place On Dee 81, 1800, it was seen, though with some 
difficulty, b} himself and Dr Pope, with tho six feet re 
fractor at Marseilles Its place for 3860 isB A 3‘ 87“ 52*, 
N P D 66° 40' IS' M Auwcrs describes it as 16 in ex 
tent and triangular id form — bat conceives that it might 
have escaped provious notice by roason of its proximity 
to bo bright a star as Mcrope Mr Ihrul states also that 
ho has often suspected nebulosity about some of the smaller 
outlying stars of the Pleiades 

(896/) Not less singular and startling is the observa 
tion by Mr Pogson of the bright and very conspicuous and 
well known nebula, the 80th of Messier a Catalogue, often 
observed, and described as a compressed and beautiful 
globular cluster of very minute stars, in R A lO* 8" 41', 

N P D 112° 37 34' (I860) While examining the neigh 
borhood of this object on May 28, 1860, his attention was 
arrested “by tho startling appearance of a star, 7 8“, tn the 
place which the nebula had previously occupied " He had 
seen the nebula so recently as May 9 with the same tele 
scope and power, and it presented nothing unusual On 
June 10th the stellar appearance had vanished, but the 
cluster yet shone with unusual brilliancy and condensa 
tion Prof Luther and M Auwere had also perceived the 
change so early as May 21st, when it was rated as a star 
of the 6 7 magnitude On June 10th, the nebula had dis 
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appeared to Mr Pogeon, though M Auwera never quite 
lost sight o! it, and could perceive that the star was excen 
tnc. The occurrence of a temporary or a variable star in 
so peculiar a situation la assuredly ter} remarkable 

(896 g ) Lastly, bj a letter from Mr E B Powell, of 
Madras, an observer of too much experience and note 
to be easily deceived or to speak on light grounds, X am 
informed that the southern end of the very reraarkablo 
lemniscate shaped vacuity close to the bright central star in 
the nebula about 7 Argus (see Plate IV fig 2) winch, when 
the drawings were made from which that figure was taken, 
was closed and terminated by ft strong and sharply cut out 
line (marked by a small star in the upper edge of that va 
cuity) is now decidedly open I More recent observations, 
however (by Lieut J Herechel) with an achromatic tele 
scope of five inches aperture, accompanied with careful 
drawings of the appearance of the nebula (taken on Nov 
22-8, 1868), make it evident — 1 That the lemniscate still 
exists as such, though (as might be expected) not so 
strongly defined as when seen with an instrument of su 
penot power, 2 That the relative situations of 48 out 
of 49 stars in the immediate vicinity of 17 laid down m 
the drawings, in respect of the principal Btar have under 
gone no material change, the 49th being a very minute star 
of doubtful identity and, lastly that the principal star ij 
itself, though greatly diminished in lustre occupies most 
decidedly its old situation pretty deeply immersed m the 
brightest portion of the nebula on the following or east 
era side of the lemniscate, and not (as stated in the last 
edition of this work, on what we considered sufficient 
authority) within the lemniscate or its remains, and out 
of the nebulosity 
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This is perhaps the nght place to mention that a general 
catalogue of nebulas and clusters of Btars (6,078 in number) 
in order of E A , and brought up to 1860, with precession 
for 1880, and descriptions, prepared by the author of this 
work, haa been published by the Royal Society as Part I 
of the Philosophical Transactions for 1864 

(896 h h ) Spectral observation, as already mentioned, 
has been recently applied to the brighter nebulae The 
light, even of the brightest of these objects is so exces 
Bively feeble (for it will be borne in mind that telescopes 
afford no means of increasing the intrinsic brightness of a 
surjace) that any perception of delicate, hair like, dark 
hues in their spectra like the fixed lines in that of the sun, 
is not to be expected The phenomena which they exhibit, 
however are very peoulmr, and more m analogy with those 
of flame or incandescent gases, than with solar or stellar 
sources of light The brighter globular cluster indeed, 
and those nebulce of irregular forms, which are either 
clearly resolved, or evidently of a resolvable character, 
give stellar spectra, i e trains of light of all gradations of 
refrangibility It is otherwise with many of those nebulas 
of Sir W Herschel a 4th class, to which the designation 
' Planetary Nebulas ’ has been applied and with some 
otherB of an irresolvable character among which are the 
great nebulro in Orion and Argo The light of these is 
either monochromatic that is consisting of rays of one 
definite ref ring! bill ty (corresponding in all of them hitherto 
observed to the nitrogen line m the solar spectrum or to 
the light emitted by nitrogen gas rendered incandescent 
by the electric discharge) ‘or composed of this and of two, 
and in some few cases of three other such monochromatic 
rays, one of which corresponds to ono of the hydrogen 
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lines of the solar spectrum. Such, in brief Buramary, are 
the remarkable and important results obtained by Mr. 
Huggins,’* and fully corroborated by the observations of 
Lieut. J. Herschel, R.E., made at Bangalore, with the great 
advantage of an Indian sky, by the aid of a spectroscopic 
apparatus furnished (with the telescope already mentioned) 
by the Royal Society for observation of the solar eclipse 
of August 18, 1868.** If any hesitation should remain as to 
the certainty of conclusions from the scrutiny of objects 
so excessively faint, it will be removed by a fact recorded 
by the last-named observer, viz. — that on removing the slit 
or limiting aperture of the spectroscope, and viewing through 
the prism the whole field of the telescope directed to Mes- 
sier’s 46th cluster, a rich and brilliant assemblage of stars, 
including among them the planetary nebula H. IV S9, the 
latter was seen as a faint patch of light in the midst of an 
infinity of streaks, the continuous Bpectra of the individual 
stars. “Nothing,” he remarks, “could have been more 
conclusive as a test ” ,T Had the light of the nebula not 
been monochromatic or nearly so, its dilatation by the 
prism would have precluded its being seen at all as a 
definite object ] 

[Note L, Art 858 a 

A fundamentally different method of treating the prob- 
lem of the snn’e proper motion from any of those described 
in art 857, has been adopted by the present Astronomer 
Royal, by which the assumption of an approximate knowl- 


" Phil Trans 1864, 1868 

11 Proceedings ot the Royal Society, ztl p 451, aad xvn pp s8, 103 
M Ibid. xni. 300 
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edge of the situation of the “solar apex," is altogether 
dispensed, with It consists in 'referring the absolute proper 
annual motions both of the sun and the stars used m the 
inquiry, to linear co ordinates fixed in space, and treating 
the question as a purely geometrical one, according to the 
rules of the calculus of probabilities, basing his procedure 
on two distinct assumptions, between which the truth must 
lie, viz — 1 That all the “irregularities of proper motion" 
(meaning thereby all the residual amounts of annual move 
ment in each case, which are not accountable for by solar 
motion) are mere results of error of observation and are 
not caused by any real motions in the stars This is evi 
dently an extreme supposition —2 That none of such re 
sidnal movements are due to error of observation, but 
all originate m real stellar movement This is as clearly 
an extreme supposition the other way Assuming then 
M Struve’s classification of the stars according to a scale 
of distances which has at least no prvmd facte improbability, 
and using for the purpose those 113 Btars of a catalogue 
prepared with great care by Mr Main, and published in 
the Memoirs of the Astronomical Society, ' which xndi 
cate great proper motion, he arrives at the following con 
elusions as to the situation of the apex, and the annual 
parallactic motion of the sua as seen from a star of the 
first magnitude, on each of these two suppositions 


1st Supposition 


| Solar apex in It A 256° 64 , N P D 60° 81' 
( Parallactic motton 1* 269 


2d Supposition 


{ Solar apex R A 261° 29 , N P D 66° 16 
( Parallactic motion 1' 912 


So far as the situation of the apex is concerned, both 
these results stand in what (considering the nature of the 
subject) may be called good accordance with those of 
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our art. 854. The parallactic motion (or which comes to the 
same, the actual velocity of the solar motion) is, indeed, 
much greater than that of nrt. 858. But this evidently re- 
sults from the restriction of the inquiry to stars of great 
proper motion. • 

(858 b.) These results were deduced by Mr. Airy in a 
memoir communicated to the Hoy. Ast. Soc. in 1859. The 
subject has since been resumed (avowedly in extension of 
the same principle to a larger list of stare), by Mr. Donkin, 
who, using the same geometrical formula?, but basing his 
results on the observed proper motions of 1167 stars, 810 
in the northern and 348 in the southern hemisphere, of 
all magnitudes, and all ( sensible ) amounts of proper motion , 
arrives at the following results on either of Mr. Airy’s two 
extreme suppositions: 

i, t q„nn<vutinn i Solar n P ex ,n R - A * 261 ° 14 '» N.P.D. 67° 6'. 
1st ^supposition J p aralhctl0 motlon 0'*8346. 

o.i Snnnn^iimn -f Solar apex 263° 44'; N.P.D 65° O'. 

2d Supposition | ParaUactic moUon o**4103. 

Agreeing remarkably (as to the second supposition, which 
is by far the more reasonable of the two) with the other, 
and, as regards both, exhibiting an almost perfect accord- 
ance in respect of parallactic/ motion with M. Struve's re- 
sults as given in art 868 

(858 c.) A very extraordinary circumstance remains to 
be noticed. From the general agreement of all the results 
of the investigations of so many astronomers and mathe- 
maticians, entering on the inquiry in such various ways, 
and employing such a multitude of stars so variously com- 
bined, there cannot remain a shadow of doubt either as to 
the reality of the solar motion, or as to its direction in space 
toward a point very near to R. A. 259°, N. P. D. 68°. As 
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to its velocity there is also ev cry reason to believe that 
it is not extravagantly otcr or underestimated in the 
statement above guen Bat when we come to ascertain 
by calculation how largo n portion of the whole proper 
motions of the stars, how much of that general residuum 
or caput mortuum alluded to in art 850, ns left oatstanding 
after precession, aberration, and nutation, have exercised 
their solvent influences on it, remains yet unaccounted 
for, we shall find it includes by far the larger part of the 
total phenomenon of stellar proper motion Tho sum of 
the squares of tho total residua (in seconds of arc), uncor 
reeled lor the proper motion of the sun, for example, in 
Mr Dunkin’s 1167 stars are, in R A , 78 7683, and in 
N P D 63 2668 And when corrected for the effect of that 
motion (so concluded), they are represented in R A by 
76 6831, and in N P D by 60 9034 No one need be sur 
prised at this If the sun move m space, why not also the 
stars? and if so it would be manifestly absurd to expect 
that any movement could be assigned to the sun by any 
system of calculation which should account for more than 
a very small portion of the totality of the observed displace- 
ments But what is indeed astonishing m the whole affair, 
is, that among all this chaotic heap of miscellaneous move 
tnent, among all this drift of cosmical atoms, of the laws 
of whose motions we know absolutely nothing, it should 
be possible to place tbe finger on one small portion of the 
sum total, to all appearance mdistmguishnbly mixed up 
with the rest, and to declare with full assurance that this 
particular portion of the whole la due to the proper motion 
of our own system ] \ 
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[ VbU VI on Art. 400 not c 5 * 

Tie reference of tie dark lines la the solar spectrum to aheorptire action in 
ll c min’* atmosphere has of lato rewired % moat unexpected confirmation and 
It rosy now be cons dered as almost certain tint He/ owe their origin to the 
jru'ence in that atmosphere of the sapors of metals and melallo'ds {denhail 
with those which exist Lera on earth These Yapora or many of them hare 
been shown by Kirchoff Bunsen and FIteau to possess tho singular property, 
when preset) i In an unturned (or metallic) sta<o in a flame of destroying in tho 
spectrum of that flame rays of preciwf/ the refrangihditics of those which they 
tlcmselTes when baraing emit In peculiar abundance. Though there is some- 
thing so enigmatical as almost to appear self -contradictory In tho facta adduced 
—the conclusion, especially as applied to the most conspicuous of all the lines 
(one double one In the yellow, marked D by Fraunhofer, and which owes its 
origin to eodium) seems inemtable The spectra of somo of tho stars seem to 
Indicate the presence of chemical elements not identifiable with any terrestrial 
once ] 

£A ’ote N, Art 905 a a 

(905 a a) Since the publication of the later editions of 
this. work, meteoric phenomena have engaged the assiduous 
attention of many zealous and devoted observers, and have 
acquired an especial interest from the reappearance, in 1866, 
of the great November display mentioned in art 900, under 
circumstances which render it an epoch in what may hence 
forward be very properly termed Meteoric Astrovomy. 
Before giving any account of these, however, it will bo 
proper to mention that by the exertions of a Committee 
of the British Association, consisting of Mr Brayley, 
Mr Glaisher, Mr Greg, and Mr A S Herschel, acting in 
conjunction with numerous coadjutors scattered over the 
area of our island (and in correspondence with M Heis, 
Prof Haidinger, and other continental observers and mete 
orologists), observing on the plan originally followed by 
Benzenburg and Brandea (much improved, however, and 
singularly facilitated by the use of a series of charts spe 
dally constructed on the gnomamc projection for the purpose 
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by the last named member of the committee), a vast collec 
tion of observations for the determination of the heights of 
appearance and disappearance, the velocities, and paths, 
of individual meteors, has been accumulated, and a con 
Bidernblo number of additional radiant points correspond 
mg to dates of periodic recurrence other than those of 
August 10 and November 13, determined As regards the 
heights of appearance and disappearance, and the velocities 
(understanding, of course, the relative velocities resulting 
from the simultaneous motions of tho earth and the me 
teor), the general result of these observations seems to be 
1st, to assign a height intermediate between 20 and ISO 
British statute miles above the earth’s surface, for that to 
which the luminous or visible portion of the trajectory of 
non detonating meteors is confined, with average heights of 
first appearance and final disappearance of 70 anti 54 miles 
respectively, so far corroborating the evidence nfforled 
by auroral phenomena of the extension of our atmosphere 
much beyond the usually assigned limits of 45 miles 2dly, 
a relative velocity intermediate between 17 and 80 miles 
per second with a general average of about 84 miles fully 
bearing out the earlier conclusions of Benzenburg and 
Brandes, and 3dly, a senes of radiant points and annual 
epochs of which the following (exclusive of those of Aug 
10 and Nov IS) are the most remarkable 

Jan 2d BA 234* N dec. fil* 

Apnl 20th ‘ 277* 35* 

Oct, 18th 90* 16 

Dec. 12th 10a* 30 

(905 lb) As regards the November display — On trac 
ing back the records of meteoric phenomena so far as they 
have been preserved by history or tradition, it has been as 
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ccrtamed (chiefly by the labonoos researches of Prof New 
ton of New Haven, US) that no less than twehe 1 ' such 
displays, well characterized, have been noticed and recorded 
as occurring from the year A D 902 onward down to 1833, 
both inclnsive, viz in the years A D 902, 934, 1002, 1101, 
1202, 1366, 1533, 1C02, 1698, 1799, 1832, 1833, all which are 
comprised within a chain of epochs breaking the interval 
between 902 and 1833 into periods of 82, 33, or 84 years 
each, corresponding to an average of S3 24 (331) years, or of 
four such occurrences in 133 years As to tho calendar 
date. i of the displays, the earliest, in AD 902, bears the 
date Oct 18, OS, and the others advance (with some 
considerable irregularities) in the calendar up to 1833, 
Nov 13, N S Converting these dates into Julian days 
current (arts. 929, 930), we find them to be respectively 
2,050,799 and 2 390,879, the difference of which, 340,068 
days, exceeds 931 tropical ycare (=840 040") by 28 days, so 
that the dates advance in the calendar at an average rate of 
28 days in 931 years, or almost exactly 8 days in a century 
The general impression resulting from the intervals of 33 
and 54 yeaxs between the great displays of 1799 nnd 1832, 
1833, that a similar one might be expected in 1866 or 1867, 
was by this converted almost into a certainty, and on the 
strength of this induction a grand meteoric exhibition on 
the night between Nov 13 and 14 1866, was announced 
as almost sure to take place, and all observers were fore 
warned to be on the watch The verification of this predic 
tion will be fresh in the recollection of oar readers, and the 


i* That ol A.T> 831 Oct. 16 0 8 is her* omitted. It seems to hare been 
but & feeble eihib lion an Irregular precursor of the more normal one of Oct. 
14 931 
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spectacle presented by tho heavens on that night though 
falling short of what tho glowing and no doubt exaggerated 
descriptions of tho phenomenon of 1709 might hare Jed 
some to expect, was such as can nover bo forgotten by those 
who witnessed it Those who wero not so fortunato will do 
well to be on tho watch on tho same anniversary in the cur 
rent year 1867 ,# 

(90 o e e ) Attention being especially directed to the situ 
ation of the radiant on this occasion, it was fixed (in refer 
once to tho ecliptic) in long 142° 85 , lat 10’ 27 N , at a 
point between the stars C and « Looms, and somewhat above 
tho Btar marked * in that constellation in J3ode s Catalogue 
Now the longitude of tho earth at that time, ns seen from 
the sun, was 51° 28 , so that tho radiant (in confirmation of 
a remark made by Prof Encke on tho occasion of the dia 
play of 1838) if projected on the plane of the ecliptic would 
ho almost exactly in the direction of a tangent to the earth s 
orbit at the moment, or in ‘the apex of the earth s way 
Hence it follows, that, regarding each meteor as a small 
planet, it must have been revolving (in a retrograde diree 
lion so as to meet the earth) either m a circle concentric with 
the earth s orbit (a thing in itself most improbable, and 
which would bring about a rencounter every year, contrary 
to observation) or in an ellipse having either its perihelion 
or its aphelion coincident, or very nearly so, with the point 
of rencounter at the descending node, in longitude 61° 28 , 


i* On that occasion (Ho? 13 and 14, 186T) the principal display took place 
in longitudes much westward of our island At Bloomington Indiana U S 525 
•were seen by Prof. Kirkwood between a dnlght and 6h. 16m A. if Off Mar 
Unique they appeared as a brilliant shower and at Tnoidsd according to Com 
minder Chlmmo 1600 were counted between 2b. A.H. and dayl gbt Wh le at 
Nassau in the Bahamas Captain Stuart and his co-observers registered 1040 
between lb Oca. and 6h. 31m. A M. 




OUTLINES OF AST&0S03IY 


875 


and as a necessary consequence with its major axis lying in 
or very nearly in the plane of the ecliptic. 

(905 d d.) Admitting the meteors to be revolving plane- 
tules, the recurrence of these rencountera at average intervals 
of 4 in 13S yearn is explicable on two distinct hypotheses as 
to the kind of ellipse described by the meteoric group. It 
may be either one very nearly approaching to a circle de- 
scribed in a period not very different from a sidereal year, 
or a very elongated one described in the exact period of 83J 
of such years. We will consider the cases separately. The 
first supposition admits of the adoption of two distinct ellip- 
ses:— 1st, that suggested by Prof. Newton, in which the ren- 
counter takes place at the aphelion of an ellipse described in 
854**57, or 10**67 short of a sidereal year, corresponding to a 
semiaxis 0 981, and an excentricity 0 02(H, or, 2dly, that 
proposed by the writer of an article on Meteoric Showers 
in the “Edinburgh Beview" for January, 1867, where it is 
supposed to happen at the perihelion of an ellipse deserthed 
in 376* 56, or 11**88 more than a year — corresponding to a 
semiaxia 1 021, and an excentricity 0 0192. In the first of 
these ellipses, a meteor revolving would in each sidereal 
year gain 10° 50' in its orbit on a complete revolution, and 
in the other would lose as much, bo that at the end of 33 
years, in the former case it would be found to have overshot 
the original point of rencounter by 2® 30', and in the latter to 
fall Bhort of it by just so much: and tracing it round from 
revolution to revolution, it will be found in either case that 
after a series of intervals succeeding each other in the cycle 
83, 83, 33, 84 years, the meteor will always be found bo near 
the original point of rencounter that an extension of the 
whole group so as to occupy 11° in their common orbit will 
render extremely probable, and one of 22° will insure its 
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MMMitmUaii by tlio airtli at some point or other, m.is 
probnblllt) of tmch penetration taking place tin« to 

mu<W8Urt>lftT* , - Qcins- 

(m « r.) The other hypothesis, suggested fay & 

parolll (Director ol the Obiorvatory at SUlan), is 

rem'oontor ut or ver\ near to the perihelion o an 

-* n am find an excen 

1U1J ) oars, corresponding to a semiaxis 1U fj>Ving 

trinity 0 1»083| the ruieonutcr m this, as in the 
plnon Mho nt the tUneonding node Such a pen » ^ 

blned with m\ on tent o( tho group on the orbit sue ^ 
occupy nomm\lmt more than a yoar in passing , 

node ((,* ,}. ot lt» wholo circumference), would nn B^ ^ 
ronoountoro in |»rool»»ol> the eamo cycle of years, wi 
probability, nntl If of twice that extent with ace a, ° ^ 

their lmpponlng An luommed extent of the gro 
somowhat beyond tills would gl\ o rise to a frequen occ 
ronco of two or ovon threo rencounters in annual succession, 
and would therefore oovtr tho wholo Bcries of recor 
instances 

*•— (005 //) Tho regular ndvnnoo of throe days per century 
in tho calendar dato of tho phononionon ib partly accounted 
f r by tho greater length of tho sidereal year (which brings 
h earth round to tho snmo point m its orbit) as compared 
tb the tropical year (which brings it to the same longitude, 
ed from the receding equinox, by which the calendar 
ieC lated) This accounts for l 4 4 per centuiy, the re 
18 ie ^ a q arise from a slow and regular advance m 
making node to the amount of 1° 86 per century, 

tho pl* c0 c annum, due probably to planetary perturbation, 
or 67' ® P er ^ doubt, to the disturbing action of tho earth 
and 0^ efty ’ ^oceflsive’rassagMthrough the group 
itself in lt3 either of tty ^*7 former orbits they ; xity 
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of the meteors will be very nearly equal to that of the earth 
in a retrograde direction, whence it will rcadtl) appear that 
the true inclination of the orbit will be almost exactly dou 
ble the apparent — that is to say, 20° 64 In the case of tho 
long ellipse, the velocity of the meteor in pcnhelio will bo 
found to be to that of the earth as 1 871 1, bo that suppos 
ing AO to be the earth’s orbit, and bd that of the meteor, tho 





apparent inclination bad being 10° 27 , and tho sides bd, da, 
respectively, 1 371 and 1, we shall find the angle dba=7 4 ' 13 , 
and therefore the trae inclination Bdc=:18 0 31 

(90o h h ) The supposition of minute planetary bodies re 
volvmg in a nearly circular orbit of almost exactly tho 
dimensions of the earth s in a retrograde direction, and at 
an inclination not greater than that of some of the asteroids, 
stands in such strong opposition to all the analogies of our 
Bystem, as to render it in itself highly improbable, add to 
which, that (as no perturbative action conld possibly have 
flung them from without into such an orbit) they must bo 
supposed to have so circulated for countless ages, during 
which time their innumerable rencounters with the earth 
must have torn the group to pieces and scattered all its 
members which escaped extinction into orbits of every dif 
ferent inclination and excentncity On the other hand the 
ellipse of 33' I has a decidedly cometary character, and in 
such, retrograde motion is not uncommon By a most 
singular coincidence remarked almost simultaneously by 
Messrs Peters and Schiaparelli (a coincidence too close 
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and striking to admit of hesitation as to their community 
of origin), the elements of the first comet of 1866, discov- 
ered by it. Tempol, coincide almost precisely, in every par- 
ticular except in tho date of the perihelion passage, with 
those we have jnst derived from the very simple considera- 
tions adduced. The parallel is as below: 


■- Sleteorla Orbit 

Perihelion passage . . . Nor 13, 1860 
Perihelion digtaneo ... 0 9893 M 

Eccentricity . . . 0 9033 

BemiaxU major ... 10 340 

Inclination ... 18’ 31' 

Long descending node . . 61* 28' 

Periodic turn, . . 33 , 26 

“ 0tl0n . Retrograde 


Tempel a Comet 
Jan 1), 1866 
0 9765 
0 9054 
10 324 
17’ I6' I 
61* 26' 1 
33 1 70 
Retrograde 11 


(905 i i.) It will not fail to have been observed that a 
major semiaxis 10 34 with a perihelion distance 1 will throw 
the aphelion of the meteoric orbit to a distance from the 
sun=19 68, that is to say, but a short distance beyond the 
orbit of Uranus; while the fact of the axis major itself lying 
exaotly or at least very nearly in the plane of the ecliptic, a 
plane itself very little inclined to the orbit of Uranus, will 
insure a very near appnlse of the meteors to that planet 
whenever their two mean motions may have brought or may 
hereafter bring them to the corresponding parts of their 
orbits, allowing for the change (if any) in the position of 
the axis. We say, if any, for it is not of necessity the same 


M This is the earth’s radios vector ou Nov 13 

11 The computations of fiig Schiaparelli, founded on a somewhat different 
(and, we are inclined to think, less accurate) situation of the radiant of last 
November, lead him to assign the date Nov 10 for the perihelion passage, and 
to the perihelion itself the longitude 66* 25' 9, again agreeing well with that of 
the comet in question, which is 60* 23’ But we have preferred (avoiding all 
niceties, which, in the actual uncertainty as to the exact place of the radiant, 
are, after all, premature), for the sake of perspicuity, to present the chain of 
reasoning m a form requiring almost no calculation 
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03 that of the node, and, though calculable, has not as yet 
been calculated. This, however, docs not affect the conclu- 
sion that such near appulse must at some former time have 
taken place, and will do so again M Lei erncr, to whom 
these considerations seem to have occurred independently, 
has concluded that it did take place about tbo year A D. 
126, and the motion of both bodies being very slow at that 
time (the \elocity of the meteors being tn aphclio only 0 07 
of that of tko earth, or only 1 32 mile per second), they 
would remain for a loDg time within the influence of the 
planet’s disturbing power, while at tbo samo time that power 
would be acting at the greatest advantage to produce deflec 
tion from their line of motion Henco that illustrious as- 
tronomer was led to conclude, that, just as Jupiter on a 
similar occasion seized on and threw into an orbit of short 
period Lexell’s comet (see art 685), so at that epoch a wan 
denug group of planctules, whoso existence would, but for 
that meeting, have never become known to us, was deflected 
into the ellipse they actually describe Sig Schiaparelli, 
on the other hand, considering that the semi minor axis of 
the meteoric ellipse is but small (0 441) so that by reason 
of the moderate inclination the meteor in its course can 
never nse much more than It radius of tbo earth’s orbit 
above its plane, appears disposed to attribute their present 
form of orbit to the attraction of Jupiter or Saturn, within 
whose disturbing influence he considers that they must at 
some period or other have passed, an opinion which appears 
to us less probable, inasmuch as the disturbing force would 
jd that case have tended chiefly in a direction at right angles 
to the plane of their motion, and (by reason of the much 
greater velocities of both bodies) have acted for a much 
shorter time 
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($05 jj } For the meteors of the 10th of August, adopt 
ing as the place of the radiant the star k Persei, assigned by 
the observations of Mr A S Herachel in 1863, and assum 
%ng the orbit to be a parabola (an assumption which deter 
mines the velocity at the moment of rencounter, being to that 
of the earth regarded as describing a circlS, in the constant 
ratio of f/2 1), o velocity which he found to agree toler 
ably well with that directly determined by Mr Herschel 
and his co observers on the same occasion, M Schiaparelli 
has also computed the elements of their orbit And again, 
by a coincidence hardly less striking, these are found to 
agree with the elements of the great comet of 1862, as the 
following comparison will show 


'1 



Passage through descend ng Node 
Penhel on Passage 

Longitude ot Perihelion 

Long tudo of Ageending Node 

Inel nat on 

Pet he 1 on Distance 

Period 

Mot on 

1866 Aug 10 15 
— July 23 62 
343* 38 

138* 16 

64* 3 

0 3643 

Retrograde | 

_ 

1862 Aug 23 9 
3«* 41 

131* 21 

68* 25 

0 9626 

123 U 

Retrograde 


Without supposing the orbit absolutely parabolic an ellipse 
of long period (Bay 124 years) would equally well satisfy the 
conditions, but to make the rencounter annual, a complete 
annular or elliptic stream of meteors would be required 
The radiant point of the August meteors, however, seems 
hardly so definite as that of the Not ember group, the deter 
urination in different years by different observers differing 
considerably Both these considerations woald seem to 
authorize the ascription of a far higher antiquity to the 
introduction of this assemblage into our system, giving 
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time not only for the individual meteors to B a * n or lose 
upon each other in consequence ol minute differences in 
their periodic time, so as to draw out the original group 
into a stream, but to disperse themselves over considerable 
differences of inclination and eccentricity by the effect of tho 
earth’s perturbative action, wbilo all tho phenomena of tbo 
November group point to a much more recent origin. 

[Abte O, Art. 893. 

(395 b b.) The total solar eclipse of August 18, 1863, 
which, commencing not far from Aden, at the entrance of 
the Red Sea, traversed the whole peninsula of India from 
Malwa to Masulipatam, and puraoed its course eastward and 
southward across the Malayan peninsula, to the extreme 
northern point of Australia, afforded an excellent oppor- 
tunity for the critical examination of the marginal protu- 
berances as well as the phenomena of tho corona; which, 
if seen at nil from n station on the central line, could not 
be held to originate in the earth’s atmosphere by reason of 
the great breadth of the total shadow (at least 116 miles). 
Accordingly, it was eagerly seized, and competent ob- 
servers, well furnished with every requisite instrument 
and means of observation and record, took up their sta- 
tions at points on or very nearly adjacent to the central 
line. The unusual duration of the total obscuration, being 
nearly six minutes, allowed ample time for making all the 
necessary observations, as well as for securing photographs, 
which last desideratum was successfully accomplished at 
Guntoor in India, by skilled photographers under the direc- 
tion of Major Tennant, as also at Aden. The final results 
may be thus briefly stated. — 1. The darkness was by no 
means so great hs was expected: doubtless, owing to the 
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great amount of light emitted by the corona and the mar 
ginal prominences Tho light of the former gave a con 
tinuous Bpectrura, and moreover was found to he distinctly 
and strongly polarized, everywhere in a plane passing 
through tho point examined and the sun's centro This 
establishes boyond all possible doubt its origin m reflec 
tion from a solar atmosphere exterior to the photosphere 
(or at least of some sort of envelope, whether atmospheric 
or nebulous in its nature and connection with the sun) of 
vast extent, though probably of small density, and is alto 
gether opposed to its origination in that of our earth, our 
aky light so near the sun exhibiting no trace of polanza 
tion —2 The red prominences, which were numerous and 
most remarkable, showed no sign of polarization, and were, 
therefore, self luminous One of them, the most conspicu 
ous, projected like a horn or tall excres 
cence to the distance of 8 10* from the 
true limb of the buu, which corresponds 
to a vertical elevation of 90 200 miles 
above the level of the photosphere Its 
outline, as photographed at Gnntoor, was 
as in the annexed diagram, indicating 
by its markings a spiral form like that 
which might be conceived to result 
from a combined rotatory and ascen 
sional movement, as of a vast column of 
ignited vapor roBhing upward with a swirl 
from the photosphere into the higher regions of a non 
luminous atmosphere— S The light of the prominences 
subjected to spectroscopic examination was in accordance 
with this idea It gave no continuous spectrum, but ap 
peared to consist of distinct monochromatic rays, or definite 
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bright hn's (characteristic of incandescent gases) Of these, 
M Jansen, stationed at Gantoor, baw six, in the red, yel 
low, green, bloc, and violet regions of thcBpectxum, two of 
them corresponding to Fraanhofer s lines c, F, indicative 
of hydrogen Major Tennant, at the same Btation, perceitcd 
only four, viz. C in the red, and D in the orange (corre 
spending respectively to hydrogen and sodium) — one in 
the green near F (hydrogen), and a fourth Been with diffi 
culty in the blue near to O Lieutenant Ilcrschcl at Jam* 
kandi (where the total phase of the eclipse was much inter 
fered with by passing clouds) perceived distinctly three 
vivid lines, red, orange, and blue, anil no othcre, nor any 
trace of a continuous spectrum The orange line proved 
by measurement to coincide precisely with D, the others 
approximated to c and r, and probably, the difficult circum 
stances of the measurements considered, were coincident 
with those lines M Bayct at Wah Tonne, in the Malayan 
pcmnBula, noted no less than nine brilliant lines correspond 
mg to the solar dark lines b P, e, b, F, two adjacent to a, 
and one between b and r (probably Barium) These obser 
vations are quite decisive as to the gaseous nature and 
vehement incandescence of the prominences, and indicate 
astonishingly powerful ascensional movements of what 
might be called flame (were combustion possible) in an 
utmospherfc Teposvng on the photosphere — 4 Besides these 
hard and sharply defined prominences, were also seen 
ranges irregular in form, of what might perhaps be con 
mdered cloudy or vaporous matter, of less intensity and 
softer outline 

(895 cc ) Seasoning on the monochromatic character of 
the light emitted by incandescent gases, and speculating 
on the extreme probability of the solar prominences being 
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in the nature of tumultuous ejections of such gases, it had 
early occqrred both to Mr Hoggins and Mr Lochyer that 
they might possibly become the subject of spectroscopic 
study, as appendages to the sun's limb, or m the umbrse 
of spots umlluminated by photosphenc light, without the 
necessity of waiting for the rare occurrence of a total 
eclipse Accordingly, during the two years immediately 
preceding that of August 18, 1868, the former made several 
attempts with various spectroscopic and other contrivances 
(such as viewing the projected image of the sun's border 
through combinations of colored glasses, etc ) to obtain 
a view of them, though without success, and the latter 
had applied for and obtained from the Rojal Society a 
grant for the construction of an apparatus for the purpose, 
which, however, was not completed till after the occurrence 
of the eclipse Meanwhile the actual observation of the 
monochromatic character of their light and the exact co 
incidence of their lines with situations which in the spec 
trum of the photosphere are marked by a deficiency of 
light, at once suggested to M Janssen, as it did also 
to Lieutenant Herschel, the possibility of discerning, or at 
all events of, as it were, feeling them out, the former 
by means of the spectroscope, the latter b} combinations 
of colored glasses M Janssen, on the day immediately 
following the eclipse, put his conception into practice, nnd 
at once succeeded Placing the slit of his spectroscope so 
as partly to be illuminated by the edge of the photosphere, 
and partly by the light (from whatever origin) exterior to 
it, he found the spectrum of the former portion in the imme 
diate neighborhood of the ray o to be crossed (ns might bo 
expected) by that dark lino At the point of the limb to 
which his examination was first directed, nothing was seen 



OUTLINES OF ASTRO\Om 


885 


beyond But, on shifting the point of examination grad 
unify along the limb, a small dot of ruddy light was per 
ceived, in exact continuation outward of the dark line, 
which, on continuing the movement of the spectroscopo 
along the limb in the a ame direction, gradually lengthened, 
and then again shortened thus revealing the existence of 
a prominence giving out that particular monochromatic red, 
whose form and outline he was thus enabled to trace out 
Directing his attention, in like manner, to tho dark line r, 
the same phenomenon was repeated, in tho tint proper to 
that region of tho spectrum At some points it was also 
observed that the bright line of the prominence encroached 
upon and extended into the corresponding dark lino of tho 
photosphere 

(89o d d) Mr Lockyers apparatus having meanwhilo 
been completed he was at length enabled to nnnounco 
(on October 20) that after a number of failures which made 
tho attempt seem hopeless he had at length succeeded in 
observing, as part of the spectrum of a Bolar prominence, 
three bright lines, one absolutely coincident with C one 
near D and one nearly coincident with r On February 
16 1869 another practical step m the same direction was 
made by Mr Huggins who limiting by an ingenious 
contrivance the light admitted to his spectroscope to rays 
of about the refxangibiUty c widening tbe slit sufficiently 
to admit of the whole prominence being included m its 
field, and absorbing the light of other refrangibilities so 
admitted by a ruby glass was enabled distinctly to per 
ceive at one view the form of tbe prominence Almost 
immediately after Mr Lockyer succeeded by merely widen 
ing the slit of bis spectroscope without the use of any ahsorp 
live media, m obtaining a clear view of the forms in ques 
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tion “The solar and atmospheric spectra being hidden, 
and the image of the wide slit alone being visible, the 
telescope or slit is moved slowly, and the strange shadow* 
forms flit past Here one is reminded, by the fleecy infi* 
mtely delicate cloud films, of an English hedgerow with 
luxuriant elms, here of a densely intertwined tropical 
forest, the intimately interwoven branches threading m all 
directions, the prominences generally expanding as they 
mount upward, and changing slowly, indeed almost imper- 
ceptibly * Lastly, on the 4th, 6th and 0th of Hay, Lieu- 
tenant Herecliel found the spectrum of the solar envelope 
to be visible without difficulty, and without other aid than 
the spectroscope adapted to his telescope, and was enabled 
to form a general picture of the distribution of the luminous 
region surrounding the sun Two prominences were in par 
ticular examined, one of which formed a luminous cloud 
floating 1 or 2 above the surface He perceived also (now 
for the first time) a fourth line near o (since seen re 
peatedly), and subsequently another between r and g On 
this last occasion, havrng at first swept round the sun and 
found nothing particularly worthy of remark, on returning 
to the point of departure, he perceived the lines much more 
brilliant and intense than usual, and further scrutiny satis 
fied him that he had been witness to a “violent and spas 
modic eruption of vapor lasting only a few minutes I 
The mode in which he was enabled thus to discern the 
forms of the solar clouds consisted in giving to the tel 
escope a vibratory motion up and down on the principle 
of the persistence of luminous impressions on the retina, 
by which the perception of the total form of an object re 
suits from the mental combination of a senes of linear sec 
tiona of its area And he descnbes the appearance of these 
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solar clouds a3 “very similar to terrestrial— fleecy, irregular 
sliaped, and illuminated, just such as eclipses ha>e told us 
they are " "We ba>c thus a new chapter of solar physics 
opened out, the commencement, doubtless, of a senes of 
grand discoveries as to the nature and constitution of the 
great central body of onr system Mr Huggins has also 
applied spectrum analysis to the comm and tails of comets 
in which he considers satisfactory proof to exist of the 
presence oi carbon. 
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Fg 1 Faculse ol the Bun 
Fig 2 Spots on ditto 

Fig 3 Appearance of ditto to a total Eclipse 
Figs 4 , 6 Bpots as seen by Air Dawes 


Plate IL Fig 1 
Fig 2 
Fig 3 
Plate III Fig 1 
Fg 2 
Fg 3 


Messier’s 13th Nebula resolved Into Btare 

The Comet of 1819 

The Nebula In Andromeda 

Mars as seeD August 16th, 1830 

Jupiter as aSbn September 23d, 1832 

Saturn showing the Interior nngs and belts 


Plate IV 
Plate V 

Plate VI 


Plate A 
Plate B 

Plate 0 


Fig 1 The great Nebula in Orion 
Fig 2 The great Nebula in Argo 
Fig 1 Nebula (30 DoradOs) in the Nnbecula Major 
Fg 2 Lunar Volcano as shown by a 20 feet reflecting Telescope, 
aperture 18 inches. 

Fi, 1 Y&noua Appouanco, ol Hdl.?', C™« *> 
Apparition , , 

* 2 - 
Reflector 

lg ™ ot to FertUrbOtaons of ^ptoA 

, Th. * >».«« «™«.» or to -.*■ 

\g 2 The same in the neighborhood of a spot 
, portion of the Moon’s surface, from a model by Mr Nasmyth 
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1 LISTS OF NORTHERN AND SOUTHERN STARS, WITH THEIR APPROXIMATE MAGNITUDES, 
ON THE VULGAR AND PHOTOMETRIC SCALE 
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11 SYNOPTIC TABLE OF THE ELEMEJiTS Of THE PLANE- 
TARY SYSTEM 

S t d'nou* its Keaa d ibSN from ii<* ■ s. ttu cf tit *ant U eg 
uV>-a for M’i /5 Pi!* irmaa ilJ«r*al p*t-w«l la exaa *ol*r d»/». • its nets- 
tMlj fa dsdfual pan* d lb* a-i-AiU; i \ la ta elution Of I t* <vtil lo lb* 
«d?ti<r, Q tb* kofi-oia of it.* atcesdaj t *!* , » Cmt of Urn pe-rftttoa (tva 
iwi* era r rui j L tb* e=«**o trh ei u* pUstf a! lbs i=ortj«a< of Cm tprotj 
K. f Jt wtlch lb* #U(a«-oU ar* »utri; if tb# deocclaatof of tt* !ni.n ti- 
pfrM.ojr \h* run* of C.» paiin. Cm*, of l!« aua Waf J; I> Cm d’-u=«ur la 
wlloo; A tb* d«n«!i7, Cm: t ! lio rant t* g | , T lb* C=>» of ro(jt<jo eo !U 
aiU; if »t* fry-iva asjn'ii- */p »!/je W iLxrz.'<er cf It* b wiy of t*o pUact, at It* 
jtv-aa dliUnco f'oia Cm rarih. fa ru***»>«<ii, • it# adipe«ntjr of it* apttruui, at a 
fraction ct it* ♦epstor.al d a lb* 1st! cation of llm aim cf rout-oo to 

it* pU&« if Cm ♦clifie; II Cm tn**a !nt*o»'tj cf l^H and tit ttcdrid f*m 
tfso «*J3, it.ii frrf»*-l 1/ He aarti belsg J Tie *»:rrvkf* *r» aunjlmmi to 
tbsfr order of d vxrrorj. 
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SO UranU . . 
31 Kuplsrosync . 
33 Pomona . . 

33 Polyhymnia . 

34 Oirco . . 

35 Leucolhea 

36 AlalanU . 

37 Fidcs . . . 

38 Lodtv 
30 IicllU 

40 Harmon l.n 

41 I)a pli no 
43 Isis 

43 Ariadno 

44 Nysa 

45 Eugenia 

46 Ilcstm 

47 A f; lata 

48 Dons 

49 Palos 

60 Virginia 

61 Nem&naa 

53 Puropa 
63 Calypso 

54 Alexandra 
65 Pandora 
56 Melcto 

67 Mnemosyne 
63 Concordia 
69 Olympia 

60 Echo 

61 Denao 

62 Era lo 

63 Ausonia 

64 Angelina 

65 Maximilians 

66 Mass 

67 Asia 
63 Leto 

69 Hesperia 

70 Panopoa 

71 Niobo 

72 Feronia 

73 Clytie 

74 Galatea 

75 Furydice 

76 Freia 

77 Fcigga 

78 Diana 

79 Eurynome 
I 80 Sappho 


2 0 18 
20 26 0 0 
6 28 61*0 

1 66 18 9 

5 23 37 5 
8 10 32 1 

15 41 61 a 

3 7 10 6 

6 58 25 J 

10 20 53 3 

4 16 62 3 

16 3 13 7 
8 34 29 S 
3 27 39 1 
3 41 40 9 

6 34 67 0 

2 IT 36 7 

5 0 9 6 
C 20 40 3 

3 8 45 1 

2 47 36 9 

3 47 63 0 

7 24 40 2 

6 6 42 7 

11 47 11 3 

7 13 28 1 

8 1 60 8 

15 8 1 6 

5 16 7 
B 37 41 3 
3 34 18 7 
18 16 32 9 

2 12 25 9 
5 46 64 6 

1 19 61 6 

3 28 9 5 

3 2 24 6 
5 69 27 3 
8 10 16 6 
8 28 25 0 

11 31 56 5 
23 18 29 5 
5 25 65 2 

2 24 67 6 

3 16 43 8 

4 69 8 8 
2 13 3 0 
2 27 66 2 

8 39 47 0 

4 36 50 5 
8 36 47-9 
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a 

I* 

4 

i 

81 

TerpaSctoro . 

2 850423 

1152 t: 

0 21004GI 

7 55 22 0 

82 

Atcmene , . 

2 Will 

lets ST 

0 2239055 

2 50 31 

y. 

Jupiter. . . 

5-2')2nco 

1332 384*212 

0 M91626 

1 38 31 3 

h 

E*tara . . . 

0 5391861 

10719 2199IT4 

0 OKI 502 

2 23 35 T 


Urxcoj . . 

13 1321300 

20CH 820829C 

0-O46CCS3 

0 40 25 1 

1 u 

Neptune . . 

30 OSC'O 

6018* 63S3 

0 00849C2 

1 4T 0-6 
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71 

21 
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ICC 

0 
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1*0, 0 

A 

74 

SI 

72-0 

128 

43 

53 1 

11 

33 

3 0 

Do 


0* 




99 

30 

5 0 

100 

39 

10 2 

Do 


S 

43 

0 

3 3 

332 

23 

50 C 

04 


55 6 

Do 


l 

80 

43 

47 9 

118 

27 

14 1 

25 

41 

60 C 

1864 

Oct. 

12 0, 0 

2 

172 

42 

15 1 

122 

4 

48 l 

354 

41 

39-9 

1864 

Pcpt 

COO 

2 

no 

52 

4 9 

54 

41 

90 

208 

18 

46 8 

1661 

June, 

8*0, G 

1 

103 

23 

11 7 

250 

as 

10 3 


31 

2 C 

18C3 

NOT 

2341, G 

5 

111 

23 

43 5 

137 

20 

20 3 


21 

22 5 

1861 

June, 

2C-0. 0 

6 

133 

37 

214 

,13 

22 

12 0 

2C9 

8 

10 9 

1802 


31*0, 11 

7 

259 

18 

13 3 

41 

19 

33 5 

8 

9 

C 5 

1802 

Fopt. 


8 

no 

17 

■13 0 

32 

5» 

28 3 

68 

48 

31 9 

1849 



9 

C3 

31 

53 4 

71 

92 

190 

218 

1 

48 7 

1303 

Maj. 

30 0. 15 

10 

280 

43 

65-0 

231 

49 

57 7 


61 

1C 7 

1862 

Apr 

28-0,0 

11 

125 

5 

50 1 

317 

21 

4 7 


67 

4 5 

1852 

July, 

21 0, II 

12 

2T5 

33 

1 1*9 

301 

50 

30 0 

312 

33 

62 1 

1857 


2-0, a 

13 

43 

19 

45 4 

119 

0 

1C 2 

III 

51 

69 4 

1864 

Jan 

lo o, r 

11 

80 

12 

8 8 

180 

0 

33 9 

9? 

57 

37 4 

1802 

June 

1*0, o 

IS 

293 

53 

20 7 

3T 

37 

24 7 

107 

0 

21 6 

1862 

Jan 

30 0, W 

16 

150 

31 

1 6 

14 

44 

67 0 

226 


32 0 

1863 

Apr 

29 6, W 

17 

125 

21 

37 2 

260 

40 

8 1 

215 

6 

1 1 

1860 
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12-0, I) 

13 

150 

1 

30 7 

IS 

9 

58 0 

1C7 

39 

20 9 

J859 
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6-0, 0 

13 


27 

18 2 

30 

29 

32 3 

41 

51 

13 5 

I860 

Not 

8 0, B 

20 

200 

42 

30 8 

93 

20 

23 4 

351 

2 

39 8 

1863 

Aug 

29 6, B 

21 

80 

30 

56 2 

320 

27 

0 0 

349 

21 

33 0 

1800 

Jan 

19 0, 0 

22 

60 

30 

21 8 

50 

31 

13 1 

221 

46 

26 6 

I860 

Jan 

0 0, B 

23 

C7 

39 

12 0 

121 

9 

6 7 

111 

3 

69 3 

1862 

Feb 


21 

36 

11 

4S 1 

139 

49 



21 

39 7 

18C2 

Oct 

23 o, a 

25 

214 

3 

0 1 

302 

S3 




27 7 

1863 

Jan. 

13 0, B 

20 

15 

63 

3 4 

231 

50 

23 9 



30 0 

1860 

Feb 

CO O 

2 1 

93 

40 

22 1 

87 

40 

8-9 

311 

56 

4 5 

1803 

Jut/, 

23 0, B 

2! 


41 

9 9 

122 

56 

29 8 


3 

67 4 

1802 

Mar 


2! 

356 

28 

37-1 

67 

23 

12 1 

283 

40 

69 5 

1863 

June, 

80 0, E 

3( 

30E 

16 

8 4 

3fl 

52 

49 6 

73 

59 

9 5 

1862 

Dee, 


3 

31 

25 

40 t 

94 

15 

6 4 

155 

10 

34 1 

1862 

Mar 


3’ 

22C 


37 ' 

194 

2 

32 3 

6 

29 

1 5 

1862 

Oct 

1*0, W 


: 



312 

37 

53 £ 

285 

39 

12 6 


May, 


3 

181 

42 

23 

150 

14 

45 2 

105 

31 

22 0 

1863 

Jan 
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NAMES OF DISCOVERERS AND DATES OF DISCOVERY 
OF THE ASTEROIDS 


Ceres 

Pallas 

Juno 

Testa 

Astraa 

Hebe 

Flora 

Metis? 

Ilygela 

Partheuopo 

Victoria 

Egerla? 

Inwzo 

Eanomta 

Psyche 

Thetis 

Melpomene 

Forma* 

Massilia 

Lutotia 


Themis? 

Phocea 

Proserpina 

Euterpe 

Bellons 

Ampliltrite 

Urania 

Euphroayna 

Pomona 

Polyhymnia 

Circe 

Leucothea 

Atalanta 

Fidea 

Leda 

Lmtitia? 

Harmoma 

Daphne 

Isis? 

Ariadne 

Nysa 

Eugenia? 

Heatia? 

Aglam 


Plazzi 
Oilers 
Harding; 
Others 
Hencke 
Uencka 
Hind 
Hind 
Graliam 
Gas parts 
Gas peris 
Hind 
Gsspans 
Sad 
Gasparis 
Gas parts 
Luther 
Hind 
Hind 
Gasparis 
Goldschmidt 
Hnd 
Hind 
Gasparis 
Chaco rn so 
Lutbor 
Hind 
Luther 
( Marth 
( Rjgson 
Hind 
Ferguson 
Goldschmidt 
Chaeornac 
Chacornac 
Luther 
Goldschmidt 
Luther 
Chacornac 
Chacornac 
Goldschmidt 
Goldschmidt 
Pogson 
Pogson 

Goldschmidt 

Goldschmidt 


Jan 1, 1801 
Mar 28 1802 
Sept. 1, 1804. 
Mar 23 1807 
Dec. 8, 1846 
July 1. 1847 
Aug 13 1847 
OcL 18 1847 
Apr 25 1848 
Apr 12 1849 
May 11, 1850 
Sept 13 1850 
Soy 12, 1850 
May 10 1851 
July 29 1851 
Mar 17 1862 
Apr 17. 1852 
June 24 1852 
Aug 22 1852 
Bept 19 1852 
Nov 15 1852 
Nor 16, 1852 
Dec 15 1852 
Apr 6 1853 
Apr 6 1853 
May 6 1853 
Nov 8 1853 
Mar 1, 1854. 
Mar 1, 1854. 
Mar 1 1854- 
July 22 1854. 
Sept. 1 1864. 
Oct. 26 1854. 
Oct 28 1854 
Apr 6 1854 
Apr 19 1865 
Oct 5 1855 
Oct 6 1855 
Tan 12 1856 
Feb 8 1856 
Mar 1 1856 
May 22 1856. 
May 23 1856 
Apr 15 1857 
May 27 1857 
June 28 1857 
Aug 16 1657 
Sept 15 1857 
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Pah*t 

Goldschmidt 

Bept. 19, 1851 

Virgins* 

Fe'fTJsoa 

Oct 4. 1851 

Nemaa.**? 

I*srent 

Jaa. 22. 1858 

Europa 

Goldschmidt 

Feb 4, 1858 

Calypso 

Lnther 

Apr 4 1859 

Alexandra 

Goldschmidt 

Apr 11. 1858. 

Pandora 

Senrio 

Bept. 10. 1858. 

Melela 

Goldschmidt 

Bept. 9. 185T 

Mnemorfyno 

Luther 

Bept. 33. J859 

Car: cords* 

Lcthet 

Mai 14. WTO 

Oifmpa 

Chaoomaa 

Bept. 13, 1660 

Echo 

Ferguson 

Bept. 15 1860 

Dinio 

Goldschmidt 

Bept. 9, I860 

Erato 

Leaser 

Bept. 14, I860 

A neon la 

Gas peris 

Feb 11, 1861 

Angelina 

Tempel 

Mar 0, 18C1 

Maximilian* 

Tecs pel 

Mar 10 186] 

Mala 

Tuttle 

Apr 10, 1861 

Asia 

Togson 

Apr 18, 16G1 

I>to 

Lnther 

Apr 23, 186] 

Hesperia 

Schiaparelli 

Apr 20 1861 

Panopc* 

Goldschmidt 

May 6, !861. 

Niobe 

Lnther 

Aug 13, 1861 


Tetcrs 

Jan 23 18G2 

Clytio 

Tuttle 

4pr 1 1862 

Oalate* 

Tern pel 

Aug 23 1862 

Eurydico 

Fete re 

Bept. 22 I8C3 

Freia 

D'Arrwt 

Not 14 1862 


reten 

Nor 12 ISC3 

Diana 

Luther 

Mar 15. 1863 

Eurynoroe 

Watson 

Bept. 14 18C3 

Bappho 

Pogson 

May 3 1864 

Terpischoro 

Tempd 

ScpL SO 1864 

Alcmene 

Luther 

Not 2T, 1864 


37oie . — Many ol the cacses t>I the Aalemia appear lt> va rcrj uohappny 
chosen. Thus, confusion 1* Ter y likely to anso In printing or speaking, be- 
tween Ins an& Isis, Luteti* and Isatifta, Thetis and hleVm, ‘Shelia xnd Themis, 
Testa sind tlmtu, Hygela end Egeris Egeria and Eugenia Fallas and Pales. 
Is It too much to hop© that the discorerers 0 / the Interfering- members of these 
pairs wCI reconsider their n*mee? It is not yet too late the Nymphs, Dryads, 
Oceamdss etc., afford an Infinite choice of classic names, graceful and euphonl 
out Metis Is known to fair as a mythological name Pales to fewer as that of 
a female dirihlty Neman** to none as the name of anybody (the ancient name 
of NUmea waa Nemaoatu). 
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SYNOPTIC TABLE OF THE ELEMENTS OF THE ORBITS 
OF THE SATELLITES, SO FAR AS THEY ARE KNOWN 1 

1 TIIB MOON 


Mean distance from the earth 
Mean sidereal rovolation 
Mean synodical ditto 
Excentnclty of orbit. 

Mean revolution of nodes 
Mean revolution of apogee _ 
Mean longitude of node at epoch 
Mean longitude of perigee at ditto 
Mean inclination of orb t 
Mean longitude of moon at epoch 
MasB that of the earth being 1 
Diameter ra mlea. 

Dens ty that of the earth being 1 


COr 21343300 
27d 331C61418 
29d 530588115 
0 054908070 
6793d 391080 
3232d 675343 
13* 63 17" 7 

266 10 7 # 

5 8 39 -90 

118 IT 8 3 

0 011364 
J164-6 
O 66664 


. Th. « 

epoch e Jan 1 1801 unless otherwise expresses ■» 
pressed in mean solar days 
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NAMES OP DISCOVERERS AND DATES OP DISCOVERY 


Io 

Somelo 
Sylvia 
Thlebo 
Julia 
Anliopo 
ASgina 
Undina 
Ulntrra 
Aurora 
. Arathuaa 
^Fglo 
Clotho 
laolhe 

Uecato 

Ilelena 

Miriam 

Hera 

Clymene 

Artomls 

Diooo 


Gas pan a 

Luther 

Polera 

Ttetjen 

Pogson 

Patera 

Stophan 

Luther 

Stephan 

Potors 

Watson 

■Watson 

Luther 

Coggla 

Tompcl 

Peters 

Borelly 

Watson 

Watson 

Patera 

Watson 

Watson 

Watson 

Watson 


April 26, 1865 
Aug 25, 1865 
Bept 19 1865 
Jon 4 1866 
Mar 16 1866 
Judo 15. 1866 
Aug 6, 1866 
Oct. 1. 1866 
Not < 1866 
July 26, 1867 
Aug 21, 1867 
Sopt 6 1867 
Not 23, 1867 
Feb 17, 1868 
Feb 17, 1868 
April 18, 1808 
May 28, 1863 
July 11. 18e8 
Aug 16 1868 
Aug 23, 1868 
Sept 7, 1668 
Sept. 13 1868 
Sept. 16, 1863 
Oct. 10, 1868 
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TABLE OP NUMBERS IN FREQUENT USE AMONG 
ASTRONOMERS (SeeNotoF)* 


Logarithm 

Loy 

Reciprocal 

0 4371433 

1 75812*5 
5 3144251 

3 5028301 

8 ->418716 

4 C835749 

8 1126050 
0 4637261 
0 4342946 

3 8873350 
3 53C2739 
9 6647065 

0 3622149 

9 6377851 

9 6963040 

0 3036960 

0 5150023 

0 4840071 

1 5951741 

8 4048259 

0 8058129 

9 1941871 

l 1884351 

3 8116649 

1 7855223 

8 2144777 

1 6920129 

8 4013971 

1 5076088 

8 4923912 

3 8383038 

o meai* 

1 1682145 

8 8317855 

2 4021892 

7 6978109 

t 1334112 

8 8665888 

3 0371964 

6 9628036 

5 2822029 

7177971 

9 9388126 

0011874 

-* 5625971 

43l40->3 

2 5625809 

4374191 

i 4702125 

3 5237274 

0 9333058 

9 0666342 


prcunfamco o{ n tWe to duuncur l n 3 1416321 
:No o f degree* in c rcolar are— rad us 57 2957735 

Vo. ot Seconds in drcutar are 206*64 8 

|\o of seconds in the whola circumference 

;0* 1 ->96000 

No. ot sloe ol 1 to rad ua —1 0-000*>903 

|No whose natural logmtbm is 1 t 2 71B2918 
Multipl cr to reduce common to natural 

logarithms 2 3025851 

Amplitude of the probability curre for 
| probabU ty — } 0 47694 

Unit pi er to reduce French metres to 

Br t sh feet 3 28030 

Mull pt cr to reduce French metres to 

Bnt sh incl es 39 37079 

Ijfult pi er to reduce French loses to 

Br tlsh feet 6 394593 

Multipl it to reduce French grammes to 
! Bnt sh grams 15 423460 

Multipl er to reduce French I tres to 
' British cub c inches Cl 027043 

Length of seconds pendulum Loodoo 
| Tatuum, sea level in lathee 33 73323 

Veloc ty ( □ feet per 1 ) generated by 

grar ty in 1 (lai 35* 16 ) 32 18163 

jEarlh a mean d ameter a Br t ah standard 

miles 7912 410 

Mean barometric pressure at sea-level on 

1 square inch in lbs 14 7301 

Weight of 1 cubic Inch of d stilled water 

62* Fahr bar 30 inebes in grams 25* 458 
Spec fle gravity of mercury at 32* Fahr 

(Water at 40*) 13 696 

Telocity of sound in dry air at 32* Fahr 

in feet per second 1099 42 

Velocity of 1 ght lu vacuo in Bnt sh stand 

ard mles per second 191615* 

Mult pi er to reduce s dereal days to mean 

solar days O 9972696 

Multipl er to reduce s dereal year to mean 
I solar days 365 2563612 

Multipl er to reduce trop cal year to mean 
1 solar days 365 2422414 

'Multipl er to reduce mean synod c lunar 

S mooths to mean solar flays 25 5305597 

The atm * mean equatorial horizontal par | 

all&x 8 5776* 




Norabtr or 
Mul Up) ler 


The moon’s mean equatorial horizontal) 

parallax 

The sun’s mean apparent somldlamoter . 
The moon’s mean apparont soraidiametor 
Constant of aberration . .... 

Msximnmof nutation of obliquity of odiplic 
Maximum of nutation in longitude 
Mean annual procession of the equinoxes 

(for 1100) 

Constant of refraction {—ref at 45* alt, 
bar 29 6 therm. 60* Fahr ) . . 

Mean horizontal refraction . . . 

.Mean obliquity of tho ecliptic, Jan 1, I860! 


3422" 325 
961" 820 
934" 685 
20" 4452 
9" 2230 
17" 2524 

60" 23492 

67" 624 
1980" 

|23* 27' 27" 3: 


7 0169062 
7 0293348 


9 0350996 
8 7631505 





INDEX 


Jl H. Tt» t*frme*+ ore to the nrtlrbw. boC to lb* rv«- 

Lun(jniir«ush»rl»!rtU« IU1 1.'.-* N'msn tiMbli to lb* 
article dual, aaJ w>ml nUxfXti kt Hmaua 


A 

A mum* cf L^t exploited. in 
I-» uranogripUc*! effects 331 Of 
aa object la motion 333 How <!.♦ 
liajpilrbed iTixaptfiirt. >63 S/i 
tdattl", l'3 
About VTtU. 705 

Accelerates, »*cu!sr. of moon’d mean 
mottrn, 740 
Adorns, 804 767 

Adjustment, errors of, ht Instruments. 
136 Of particular lostrumeau. fV« 
thou instruments.) 

JE-uo, portion of torth risible fma, 13. 
He ght of, 33 ztxa. 

A goth odes, ecllpoa of, 033 3, »ad 
Title of EriA, irt. 035. 

Air, rarefaction of 33 Lsw of doa 
*ii/. 31 Itefroctire power affected 
by moisture 41 

Air/ (0 B , Ewj hie main respect- 
ing figure of the earth 330 Re- 
searches on perturbation* of the 
earth by Vena* 714 Rectification 
of the mass of Jupiter, 733 
AHatcRnlvs 430 

AM 811 

Altitude, u*od to fiod time 139 
— and azimuth Instrument, 1ST 
hi, equal, method of, 186. 


Andromeda. bc bulk la, >71 
Aejleof post-on 3 34. Of » JO-co, 

111 

AsjUe. measurctseet of 16J 167 
Hour, 1 0T 

Angular vtWxj, Uw of rarUUoo of, 
334 

AnauUr tubule, 873 
A nemo! stle year 381 
Anomaly of a planet, 499 
Antarctic circle, 364 383 
Apex of eberraUoa 313 Of parallax, 
343 Of refraction 3(3 IV>Ur 834 
Of ahoot-sg etara, 093, 094. 
Aphelion 368 

Apogee 368 Of moon, 408. rcriod 
of It* resolution 687 
ApelJee, 408. Revolution of lunar, 
409 Motion of. Investigated, 871 
Application to lunar, 87 B Mo- 
tion of Illustrated b/ experiment 
693. Of planetar/ orblu, 694 U 
brntion of, 691 Motion In orblu 
rery Bear to rirctee, 898. In ex 
centric orblu COT 
tr»jp> 387 393 433 178J 877 
Arc* t>f meridian bow measured 311 
Measure* of eome 316 Russian, 
Indian and French 323 a Note D 
Arctic circle 344 383 
Areas, Kepler's law of 353 , 490 

( 909 ) 
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INDEX 


Argel&ndor, his researches on rarlftblo 
stars, 820 on *un’« proper mo- 
tion, 854 

Argo nebutio In, 881 Irregular star 17 
In constellation, 830, 800 g, Note K. 
Ariel, 651. 

AristIUus, 430 

A rccni! on, right, 108 (Be© Right 
ascension ) 

Asteroids, their existence suspected 
previous to their discovery, 005 
Appearance In telescopes, 625 
Gravity on surface of, 025, Flo- 
meuts, Appendix, Synoptic Table 
TotAl mass of, inconsiderable, 625 
List of discoverers, and dates of 
discovery (See Byuopllo Tables ) 
Astras discovery of 505 
Aslromoter, 783 

Astronomy Ltymoiogy, XI General 
notions, 11 

Atmosphere, constitution of, 33 
Possible limit of, 30 Its waves, 

37 Strata, 37 Causes refraction, 

38 Twilight, 44 Total mass of, 
242 Of Jupiter, 513 Of the sun, 
see Bun Of the moon, 431 

Attraction of a sphero, 446-450 (See 
Gravitation ) To a spheroid 233 
Augmentation of moon’a apparent 
diameter, 404. 

Augustus, Ills reformation of mistakes 
in the Julian calendar, 619 Era 
of, 926 

Aurora Borealis, 115 
Australia, excessive summer tempera 
ture of 369 
Auzout, 15B note 
Averages of results, their use, 137 
AJs of the earth, 82 Rotation per 
manent, 56 Major, of the earth e 
orbit, 373 Of sun’s rotation, 392 
Polar, its exact length, 223 tf. 
Note D Equatorial, longer, lb 


Axis of a planetary orbit Momentary 
variation of, caused by tho tangen- 
tial force only, G58, 660 Its varia- 
tion# periodical, 661 Invariabil- 
ity of, and bow understood. 668 
Azimuth, 103 

and altitude instrument, 187 


D 


Bamvbt, his torsion gravimeter, 
Koto E 

Daily, hia observation of annular 
eclipse of tho aun, 425 IDs 
heads. 426 


Barometer, naturo of its indication, 
33 Bso In calculating refraction, 
43 In determining heights 287 

Baso measurement of, 273 

Beads, Bally’*. 425 

Beer and Maedier, tboir work on the 
moon, 429 

Eelu cl Jupiter, 512 0IS.luM.nl. 

Besecl, 1U3 M.ullfl ruepecung the tig 
„ re el tie Mrth, Discovers 

nnrftliAx of 61 Oygni, 812 


Biela’a comet, 679 . 

Biot, his aeronautic ascent, 32 

Blrt, his examination of lunar craters, 
430 o, Note H. 

Bissextile, 932 Omar’s proposal for 
Its periodical omission, Note A oa 
art. 926 

Bode, his (so called) law of planetary 
distances, 605 Violated in the case 


of Neptune, 507. 

BognalaweW, remarkable observation 
of Halley’a comet by, 671 note, 

Bohnenberger, his principle of cohima 
tion 179 

Bond, Prof , hia observations of to te- 
nor ring of Batura, 621 His dia 
covery of an eighth satellite of 
Batura, 648 
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Bon!*. M» prn-fplo of repetition 195 
Rravard, lu* imps don cf extraneous 
in 5 '-tenca on Oranns, TM 
Brews-et (*tr D ) hi* polarirlrtg eye- 
piece, lOt d. 

En„*h georaetrie system of weights 
end metajrea 2*3 a hole D 
Broun bla tonlon gravimeter Note K. 

C 

dnti, his rt'orm of the Roman al 

coder 811 

Ca.cn dvr Jul_rn 911 Gregorian 914. 
Cntmi, eq iitofUl 344. 

Carrington solar phenomenon ob- 
served by 337 e Vole O His 
research™ on the fan * apoti lb. 
Ca se end effect, 439 and note. 
Caveod sh his experiment, 778 A 
Centre of the earth 80 Of the inn, 
461 

of gravity 360 Revolution 

about, 451 OC the earth and noon 
431 Of the ann and earth 431 
Centrifugal force Ell pile form of 
earth predated by 314 IUn» 
t rated. 325 Compared with gray 
Ity 323 Of a body revolting on 
the earth a surface 432 
Ceres discovery of 503 
Ch&ltla (Prof ) 606 note 
Charts celestial lit Construction of 
391 Brem leer a 506 and note. 
Chinese record* of comets 674 Of 
irregular aura 831 
Chronometers how used for de term in 
ing d ffenmoes of longitude 233 
Circle arctic and aotaret c 93 Ver 
ileal. 1QQ Hour IQ6 Divided 1C3 
Meridian 174 Reflecting 19T Re 
pestlng 193 Galactic 793 Mu 
rah 163 163 Arctic and antarctic 

364 372 a co-ordinate 181 

Clamp 103 


Clarke (A1 ran) his detection o' a com 
pinion o' £ rfus 639 d, Note J 
Clarice (Cbpt. A R.). his computation 
of the d-meos ona and figure of the 
earth, 213 a Koto D 
Clausen bis orbit of comet of 1843 
590. 

Clepsydra, 156 

dims to 364 Bocular changes of 
369 b 701 

docs 151 Error and r».e of bow 
found "33 

Clockwork a pp Led to equatorial, 136 
Clou Is greatest helg! t of 31 Mage! 

Ianic.892 8oUr Note O 393 dd 
Clusters of sure 864 Globular 867 
Irregular 869 
Coll mat on line of. 185 
Collimator Coating 178 Bohnenber 
get s 179 
Colored aura 831 
Coiaou his maps 2S4 
Colutea, 307 

Comets 634. 8aon in day lime, 635 
590 Tails of 656 6CG 099 Ex 
treme tenuity of 638 General 
description of 660 Mot on* of 
and described 561 Fsrabollc, 
664 Elliptic, 667 Hyperbolic 

664 D mentions of 60S Of Ifal 

tey 667 Of Cwaar 673 Of 
Encke 67C Of Blela, 670 Its 
■nbd vision into two 680 Of Faye 
584 Of Lexell 685 Of De Vico 
586 Of Brorsen 587 Of Peters 
688 Synops a of e emonla (Appon 
dix) Increase of stable dimensions 
in rcecd ng from the sun 571 680 
Great of 1843 689 Its tuppoaed 
Identity with many others 694 
fnte eat attached to a bjoct, 697 
Cometary statistics and conclus ana 
therefrom 601 Conctna ons from 
the phenomena of their tails 670 
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Pomfbie cause of ihefr acceleration 
of period, 570, Heat tuatalncd by, 
692. Principal diacovurcra of, 507. 
Periodic, form two distinct ■families, 
C01 a Of 1680, 673, Of 1686, 
674, Orbit* of, Identical with those 
of meteors, 905 H,jj, Koto N. 

Oammenstirabillty (near) of mean mo- 
tions; of Saturn's satellites, 650. 
Of Uranus and Neptune, 669, and 
note. Of Jupiter and Batum, 120. 
Earth and Yenus, 726. Effects of, 
119. 

Compensation of disturbances, how 
effected, 719, 125 

Compression of terrestrial *pbero!d,331 

Configurations, inequalities depending 
on, C55 

Conjunctions, superior and Inferior. 
<69, <73 Perturbations chiefly 
produced at, 113, 

Consciousness of effort when force 
is exerted, 439. 

Constellations, 60, 301 How brought 
Into view by chango of latitude, 62 
Rising and setting of. 68 

Oopernlcan explanation of diurnal mo 
bon, 76, Of apparent motions of 
son and planets, 77. 

Correction of astronomical observa- 
tions, 324 . ~-o. Uranographies! 
Summary, view of, 342 Order 
of application of, 348. 

Craters lunar, their great sire ex 
plained, 430 a, Note IT Models 
of by Mr Nasmyth, 43T 

Culminations, 125 Upper and lower, 
126 

Cycle, of conjunctions of disturbing 
and disturbed planets 719 Me 
tome 926 CalJippic, ib Solar, 
921 Lunar, 922 Of tndictione, 
923 Of eclipses, 426 

Cyclones, 245 a. 


D 

Dacktstso glasses, 204 e. 

Dates, Julian and Gregorian, interval 
between, how computed, 927... 
Dawes |Rer. "Vf. It), hi* mod o of 
observing solar spots, 204 a Ilia 
discovery of the sun’s interior en- 
velope, 389 a. Ills observation of 
interior ring of Saturn, 621. Ilfs 
discovery of bright spots on Jupi- 
ter’s bells, 612. Of an eighth satel- 
lite of Batura, 648 

Day, eolar, lunar, and sidereal, 143. 
Ratio of sidereal to solar, 305, 909, 
91 J, Solar unequal, 146. Mean 
ditto, invariable, 909 Civil and as- 
tronomical, 147. Intercalary, 918. 
Days elapsed between principal chron- 
ological eras, 026 Rules for reck- 
oning between given dates, 027. 
Formula} for, Note C Of week 
not the same over tho globe, 257. 
And nfghts, their Inequality ox 
plained, 365. 

Declination. 105. How obtained, 296. 

Parallels of, 113. 

Definitions, 82. 

De la Hue fW„ Eaq ), his stereographs 
of the moon, 430 a, Note H His 
photographs of the sun, 400 a 
His verification of the willow leaved 
structure of Its surface, 387 o. 
Note G 

Degree of meridian, bow measured, 
210. . Error admissible in, 216 
Length of in various latitudes, 
216 221. 

Density of earth, how determined, 
776 a 6 

Densities of sun and planets, 603 b 
(See also Synoptic Table ) 

Diameters of the earth, 220, 221 Of 
planets, synopsis, Appendix (See 
also each planet) 
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iKUU&re c{ wert h rewd-sx (-«a 
tho ria, ST* 

tnmiaaiioo of grant/ it«tuUf, 531. 

D*on«^ 5t8 

Dip of kortxorj 13 

aectar, IS 19 

D sis ef *t*re, SIS- 
Dlrtaarw of the tcooa 4?*v iho *na, 
357. died #ur*. SOT. ItJ of 
U.0 earth it4 pUssu from the tan, 
hitherto overrated. eovrtetloa re 
qj red, 331 «, Note 7 , poUr. 10 J 
Datrlct*, natural, la he*vrae. 303 
D la* irblog forre* 435 O' «an. C3 
m'Wi. MO. Nature of. 609 . Oen* 
oral estimation of. Oil. Numerical 
value* 813 Vnrreolred la direc- 
tion. 814 Resolution of, la two 
modi**, 813. 818 Fffects of each 
retired portion. 611 . On moon, 
eiprenn'ntie of, C76 Geometrical 
representations of, 8*6. t IT 
Diurnal motion rxpUinnd. 68 Pars! 

U*. 333 Eolation. 3*1 
Double refraction, 303 Image ml 
cromatar, a new, described, 303 
Comet, 630 Kebtihe, 819 
Doable Star*. B33 Specimen* of 
each c1a»i. 83 S. Orbital motion 
of, 839 Subject to Newtonian 
attraction . 843 Orbit* of partial 
Ur 843 Dimension* of lhe*e or 
bit* 844, 843 Colored, 8S1 Ap- 
parent period* affocted by motion 
Of light, 863 

Dote, hU t»* of temperature, 130 
Of rotation of wind*, 343 a. 
Drainage basin*, 389 

E 

Surh. It* motion *&nS»*SUe, 18 
Bqherlcal form of.. 18.. 13.. .. 619 
Optical effect of Ha cu restore, 15 
Diurnal rotation of, 63. Uniform. 


SI Fermasercn of Its txU St 
Figure fpherwdaf, 3TT. 319 . Pf 
metsa^xi* o'. 310, 320, 313 A, 

Note D hi iptw Cgtire a rtuull of 
theory, 229 T»mftereti.fo of »ar 
fare, how maintained, 336 Ap. 
p*"trsn/*o ai »eea from rsooa. 416. 
Yebviiy In ls» orbit. 4T4 Dtrarb- 
anon by Veej». 124. Deoi'ty of, 
ttd, at f» LI content of, ltd L 
Eel fee*. 41 1 Solar. 429. Note O 

Lattxr. 431 Annular 423 Perl 
od-e retars of. 428 Number poed- 
bU In a year, 426. Of Jepltee'* 
aateh to*. 2'6. 638 Of Saturn'*, 
649 Total erf aun. phenomena of, 
S3S An cent, their uao in fixing 
dates. 033 

EcLptic. SOS lu plane slowly va 
riabte. 308 Caoso of tkU varfa- 
tlon explained, 610 Pole* of. 301. 
Limit*. *oUr. 413 Lon»r, 627 

OWVjulty of. SOS. 300. 

Egyptians, ancient, chronology, *13. 
Element* of a planet'* orbit, 49J 
Variation* of 633 Of double 
•ter orbit*. 813 Synoptic tabl* 
of planetary, eta. Appendix 
Ehpae variable, of • planet, 853 
Momentary or osculating, C54 
Elliptic motion a consequence of grart- 
Utlon 448. Laws of. 489 Thdr 
theoretical explanation 431 
EJUptidly of the Earth 308 331 Of 
it* meridian* 323 a. Note D Of It* 
equator lb. 01 Jupiter. 813 a 
Elongation, 831 O mutest, of Mer- 
cury and Venus, 48T 
Enceladns, 648 note 
Encke comet of, 678. Ilia hypothecs 
of the resistance of the ether, 
5T7 

Epoch, one of the element* of a plan- 
et's orbit, 498. It* variation cot 
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Independent, 730 Variation* me! 
dent on, 331 744 

Equation of light, 335 Of tlio centre, 
37® OX tirao 379 Lunar, 452 
Annual, of tho moon, 738 Men- 
strual, of lie sun, 628 
Equator, 81 113 Of the earth some 
what elliptic, 223 a, Noto D 
Equatorial, 185 
— - instrument, 81, 112 
— calms, 221 

Equilibrium, figure of, In a rotating 
body, 334 

Exemplified by an experiment, 223 
Equinoctial, 97, 113 Time, US, 633 
Equinox, 293, 803, 307, 363 
Equinoxes, precession of, 318. It* 
effects, 314 In what consisting, 
814. It* physical cauao explained, 
842 

Eras, chronological list of, 926 
Erratic stars, 297 

Errors, classification of, 133 lostru 
mental, 133 , Of adjustment, 136 
Their detection, 140 Destruction 
Of accidental ones by taking means, 
137 Of clock, how obtained, 293 
Establishment of a port, 764, 

Ether, resistance of, 677 
Erection of moon, 748 
Krolote of ellipse, 219, 220 
Excentricities, stabdity of Iagrange’s 
theorem respecting, 301. 

Excentriclty in a divided circle, how 
eliminated, 141. Earth’s orbit, 36* 
Past and future see tables In Ap 
pendtx. How ascertained, 377 Of 
tho moon’s, 405 Momentary per- 
turbation of, Investigated, 670 Ap- 
plication to lunar theory, 688 V an- 
ations of, In orbits nearly circular, 
JW .To Axrjuvtcuvn thill A91- -Per 
manent inequalities depending on, j 
1 719. I 


r 

Faceting of the sun, 388 Explained, 
395 o 

Faye, comet of, 68 1 and Appendix. 
Field of view, ICO 
Ffxod stars Boo Stars 
Fizoau, his measure of tho velocity of 
light, 545 

Flora discovery of, 663 
Focus, upper It* momentary change 
of place, CTO, 671. Path of, In vir- 
tue of both elements of disturbing 
fore©, 704 Traced In tho case of 
tho moon’s variation, 706 .. And 
parallactic Inequality, 712 Circu- 
lation of, about a moan situation in 
planetary perturbations, 7J7 
Force, metaphysical conception ot, 
439 

Forced vibration, principle of, 030 
Forces, disturbing See Disturbing 
Force 

Foucault, his pendulum experiment, 
245 c His gyroscope, 246 h His 
determination of the velocity of 
light, 357 i». Note F 
Friction as possibly a source of the 
sun's heat, 400, BOB a , 887 e o, 
Noto G 

cs 

Galactic circle, 7 93 Polar dh 

tan co, lb. 

Galaxy composed of stars, 3Q3 Sir 
W Herschel’s conception of ita 
form and structure, 786 Diatrf 
bution of stars generally referable 
to it, 786 Its course among the 
constellations, 787... Difficulty of 
conceiving its real form, 792 Tele- 
scopic analysis of, 797. In Borne 
directions unfathomable In others 
not, 798 

G&lle (Dr ) 606. Finds Neptune Jn 
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llcruchcl (Mmi f ) gomUs discotcmi 
by, 897 Nebula discovered by, 
874 

Hcrtrchol (Prof A S ), fits obier 
vnUon* of meteor*, Note N, 905 
n a, jj 

Hemchcl (Lieut. J ), Ms obierrallom 
of nebulas, Nolo K, 898 g, 89C A h , 
of polar eclipse*. Note O 
Hind Ids calculation of the return of 
comets 574 Classification of com 
cts, GO! 

Hipparchus, 281 

Hodgson, his observations of n pho 
nomcuon In iho sun, 387 a Noto O 
Horizon, 22 Dip of, 23, 195 Ra 
tion&l and sensible 74 Celestial 
93, 113 Artificial IT? 

Honzootal point of a mural circle, how 
determined 175 
Honockcs 158 

Hour circles, 113, 13G Glass, 150 
Huggins (W Fsq ) his observaiions 
on new star in Corona, 831 , on the 
spectra of nebula* Noto X, 896 A A, 
of the red prominences projecting 
from the sun, Noto O, of the tads 
of cornels Nolo O 395 rf d, of 
Birlua, Note J, 859 6 b 
Humboldt, his determination of ih» 
mean heights of continents 289 
Hurricanes, 246 b 
Hyperion, 518 


Iapsttjs, 548 

Illumination of field of view, 204 a 
Red, its advantages, 204 6 Of 
wires, 204 b 

Immersions and emersions of Jupiter’s 
satellites 639 

Inch, British, remarkable relation of 
to the length of the earth’s axis 
of rotation, 223 a. Note D 


Inclination of the moon’s orbit, 406 
Of planets' orbits disturbed by or- 
thogonal force, 619 Physical im- 
porttneo of, M an element C32 
Momentary variation of, estimated 
C33 Criterion of momentary jo 
crease or diminution, C36 Its 
changes periodical and self-cor- 
recting, 638 Application to case 
of tho moon, 638 

Inclinations, stability of, Lagrange's 
theorem, 639 Analogous in their* 
perturbations to excenlridtJrs, 639 
Indutions, 924 

Inequality Parallactic of moon, 712 
Great, of Juptlfr and Salum, 720 .. 
Inequalities, independent of exeentric- 
Ity, theory of, 702 Dependent 
on, 719 

Instnuncut making its difficulties 
131 Equatorial, 185 AH-esi«nulh, 
187 

Instrumental errors how detected, 
139 

Instruments, theory of, 140 
Intercalation, 916 
Iris, discovery of. 605 
Iron, motoonc. 888 
Isis (See table of Asteroids.) 

J 

Jauls (Sir H ) his projection of the 
sphere 283 His measure of attrac- 
tion of Arthur’s Seat, 776 e. 

Julian period, 924, Date, 930 Ref 
ormation, 91B 
Jnno, discovery of, 505 
Jupiter, physical appearance and de 
senption of, 51 1 Ellipticity of, 

512 Belts of 612 Gravity on 
surface, 503 Satellites of 510, 

535 Their U$u for determining 
longitudes, 266 Seen without sat- 
ellites 643 Density of, B03 9 
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Recommended u a photometric 
standard 133 Elements ©{, etc. 
(See Eynoptlc Table, Appendix.) 

Jupiter and Saturn, their mutual per 
torbations 100 120 

K 

Katee, hia mode of measuring small 
Intervals of time 130 Hu colli 
mator, 128 

Kepler bis laws 352 430 4ST Their 
phytlcal Interpretation 4°Q 

L 

Lagrixo of tides 153 

Lagrange, hut theorems respecting the 
staVUty of tie planetary system 
630, CC0 201 

Laplace socounU for the secular ac 
celeratlon of tho moon 140 

Lons* a, eel pse of 933 At d Table 
026 

laiaseU hia observation of spots on 
Jupiter’s bells 512 Ilis discovery 
of Ariel and Umbriet 557 Of an 
eighth satell to of Saturn Hyperion 
548 His observations at Malta, 551 
Latitude terrestrial 88 Parallels of 
80 How ascertained 110 129 Ro 
met’e mode of obvanmg 248 Oa 
a spheroid 241 Celest al 308 
He) ocentric, how calculated 500 
Geocentric 503 Of a place mva 
liable 31 Of Greenwich 123 
Laws of nature how arrived at 139 
Bubord nate appear first in form of 
errors, 139 Kepler’s 352 487 
Leap-year 917 

Level, spun 176 Lines, 280 Sen 
285 Strata 287 
Levemer 606 507 767 
Lcxcll comet of 58 j 
L ibration of the moon 435 How 


availed of for stereoscopy 430 a, 
Lote IL Of apsides €34. 

Li„lit, aberration of, 331 Velocity 
of 331 How ascertained, 545 
Overrated, its correction, 357 a, 
Aote F Equation ol 333 Ex 
Unction of In traversing space, 
70S DtatAncO measured by (ta mo 
tion 802 Of certain stars com 
pared with the sun 817 Effect 
of lu motion In altering apparent 
period of a double star 8G3 Zodi 
seal 807 

limits ecliptic ( a e« Fcliptic 1 mits ) 
Local line 253 

Lockyer (J N Fsq ) his spectro- 
scopic observations Note O 
Lohnnann.UI* chart* of tie moon 431 
London centre of the terreslnsl hcrol 
sphere 284 

Longitude terrestrial 00 How de 
tenmned 121 2 jI By ohronom 
eters 25j By signals 264 By 
electric telegraph 262 By shoot- 
ing stare 265 By Jupiter’s sate) 

I tea etc 266 By lunar observe 
tioDs 267 Celestial 308 Mean 
and true 375 Ilel ocenlric, 500 
Qeocentric 372 003 Of Jupiter’s 
satellites curious rotations of 542 
Lunar distances 367 Volcanoes 
and craters 430 a boto H 
Lunation (synodic revolution of tho 
moon), its dural on 418 

J1 

M a clear ins measurement of arc at 
the Cape 220 His rediscovery of 
d Arrest a comet 600 l 
Magellan c clouds 802 
Magnet c storm remarkable 387 a 
Note G 

Magnet sm terrestrial connected with 
spots on the sun 391 e 
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Magnitudes of stars, 780 . Common 
and photometric scales of, 780 . 
And Appendix. 

Mam, Us observation of Saturn, 522 a 
Maps, geographical, construction of, 
273. Celestial, 290 Of the moon, 
437. Projections used in, 216, 2S0 . 
Mark, meridian, 190 
Mar*, phases of, 48 1 Gravity on sur- 
face, 608 Continents and seas of, 
510 Elements (Appendix) Rota- 
tion on Its axis, 510 
Maskelyno, but meisuro of attraction 
of a mountain, 776 e 
Musses of planets determined by tholr 
satellites, 532 By their mutual 
perturbations 757 Of Jupiter’s 
satellites, 758 Of the moon, 759 
Of the sun and planets, overeat! 
mated, correction, 357 a Koto E 
Mean motions ol Jupiter’s satellites 
singular relation of. 642 Do , of 
Saturn’s, 550 
Menstrual equation, 528 
Mercator's projections, 281, 243 
Mercury, synodic revolution of, 472 
Telocity in Orbits, 474 Stationary 
pointaof, 476 rhascs, 477. Great- 
est elongation*, 482 Transits of, 
443 ITeat received from sun, 508 
Physical appearance sod descrip. 
Uon, 609 Fleroenls of (Appendix) 
Meridian, terrestrial, 8i Celestial, 
101 Line, 87, 190 drdc. 174 
Mark, 190 Are, hoar measured, 
210 Arcs, length* of. In various 
latitudes. 216 Length of a degree 
of, fn feet. 221 

Messier, hi* catalogue of nebula*, 665 
Meteors, 837 Periodical, 500 . 
Heights ©f, 004 Recent d scot 
cries respecting Not# K Of Aug 
[0 and Net J3 their Orbit*. 903 
{ l. i j. Koto K 


Metis, discovery of, 605. 

Michel], his Invention of tho torsion- 
balance, 776 A Jta application to 
measure density of tho earth, 776 i. 
His speculations on the distribution 
of stars, 833. 

Micrometers, JU9 . Double image, 
200 .. Position, 201 
Milky way. (Seo Galaxy, 302 ) 
Mimas, 550, and note. 

Mines, oscillations of pendulum in, 
833 

Mira Ccti, 8?0 

Mitchell (Miss), her discovery of a 
comet, 5SS, 397. 

Month, lunar, 418, 934, note 
Moon, her motion among tho stare, 
401 Distance of, 403 Magnltudo 
•and horizontal parallax, 401 Aug- 
mentation. 404 Her orbit, 403, 
Revolution of nodes. 407 Apsides, 
469 OccuJUtJon of stars by, 414. 
Phases of, 41C Brightness of sur 
face, 417, note Redness In eclipses. 
422 Sidereal and syuod'e. revofu* 
tion, 418 Physical constitution of, 
429 . Destitute of aenslblo atmos- 
pere, 431 Mountain* of, 430 Vol- 
canic craters of, 430 a, Koto If. 
Climate, 4JI , fa hs lx tact*, 414- 
ffabfraUfity, 4 JS <r, b JJbrt tlon, 
433 Visible In total echp*e. 414 
note. n»rro*t. 42* l Influence 
on weather, 43 J ami note, nota- 
tion on axis. 433 Appearance from 
earth. 43C Map* and model* of 
477. 430 n. RiereograpHc repre- 
sentation of. lb. Real form of orbit 
round the sun. 452 Gravity on 
surface. 604 Her mut and den- 
site fv* Fynnptb* Tails of ItJe- 
nenta. 111) Motion of her noire 
•ad rtanjre of Inclination r» plained, 

C34 .. Uoikrtt of aptidre, «7«— 
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Olber? discovers Pallas am! Vesta, 
i * «05 ‘Ilia, hypothesis of the partial 
opacity o! space 108 
Omar, bis proposal for a rule for big 
saxlfles, Note 92C 
Opacity, partial, of apace, 198 
Oscillations, forced principle of, C50 
Orbits of planets, their elements (Ap 
pen dii) of double stars, 813 Of 
comets (See Comets) 

Orthogonal disturbing force, aDd its 
effects, 616, 610 
Orthographic projection, 280 


P 

Pautzcii discovers the variability of 
Algol, 822 

Pallas discovery of 505 

Palm trees their disappearance from 
Judea, 369 e 

Parallactic Instrument. 165 Inequaj 
Hy of the moon 712 Of planeia 
113 Unit of sidereal distances, 
804 Motion, 68 

Parallax 70 Geocentric or diuma), 
339 Heliocentric, 341 nonzon 
tal, 355 Of the moon 104 Of 
the sun, 357, 419 481 OveresU 
mated, Its probable correction, 357 a 
Note P Of Mars ib Annual of 
stars 800 Ho w investigated 805 
Of particular stars 812, 813, $15 
Systematic, 862 Effect of, on lunar 
distances, 271 As a ursnographi 
cal correction, 341 Calculation of, 
338 

Pans, longitude of, 262 

Peak of Teneriffe, 32 

Pendulum clock, 89 A measure of 
gravity, 235 

Pendulum used as a measure of grav 
itj, 235 Seconds length of, 225 


Foucault's, 245 t Used to mots 
uro density of the earth 716 /, g 
Penumbra 420 Of solar spots ( < 3oo 
Spots ) ^ 

Perigee, 368 a Of the moon, 406 
Perihelia and excentrtcuies theory 
of, G70 

Perihelion 36S Of the earth, its 
penod of revolution, 366 b Fffect 
of its revolution on seasons, 369 b 
Longitude of, 495 Passage, 496 
Heat endured by comets in, 592 
Penod Julian, 924 Of Planets (Ap ) 
Periodic lime of a body revolving at 
the earth's surface 442 Of plan 
cts how ascertained, 486 Law of, 
488 Of a disturbed planet perms 
neutly alicred 734 
Periodical stare 620 list of 82 5 
Prespecllvo celestial, 114 
Perturbations, CO! Of Uranus by 
'Neptune, 767 

Peters, his researches on parallax, 
815 On proper motions of stars 
859 

Phases of the moon explained, 416 
Of Mercury and Venus 4CJ 471 
Of superior planets 484 
Photographic representation of Ihe 
moon, 457 

Photometric stale of star magnitude*, 

7 B0 

Photometry of Btars 783 
Piazzl discover* Ceres 605 
Picard, 158 

Piddmgtcin on Cyclones 245 d 
Pigott variable stars discovered by, 

824 

Places, mean and true, 374 Geo- 
metric and heliocentric, 311, 497 
Planetary nebula:, 876 Note 1L 
Planets 233, 455 Apparent motions, 

457 Stations and retrogradationa, 

459 Reference to sun as their cen- 
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tre 462 Community of nature ft ith 
the earth 463 Apparent diameter* 
of Id Phases of 465 Inferior 
and superior, 476 Transits of (*e© 
Transit) Motions explained 463 
Distance* how concluded, 4T1 Pe 
rlods how found 413 ‘iynod cal 

revolutions 412 436 Superior 

their stations and retrogradations 
485 Magnitude of orbits how 
Concluded 495 Elements of, 495 
(Sue Appendix for Synoptic Tablo ) 
Densities 508 Physical peculiars 
ties, etc. 509 Illustration of their 
relative sue* and distances 526 
Division Into classes 525 a 
Plantamour his calculations respect 
mg Ihe double comet of Biela, 
593 

Pleiades 865 Assigned by Madler 
as the central point of the sidereal 
system 861 Bright Debula dis 
covered in, 89$ a. Note K. 
Plumb-hne direction of 23 Use of 
in observation IK On a spheroid 
219 

Pogson his observation of variable 
stars 825 Discovery of asteroids 
(See Syooptic Table ) H s observe 
lion of a temporary star in a globu 
lsr cluster 896 a Note K 
Polar distance 105 Po nt on a mural 
circle 170 172 
Polarisation, 337 
Polaoxlas piece 204 d 
Polos 83 112 113 Of echpt c 307 
Their motion among the stars 317 
Pole-star 95 Useful for find ng the 
latitude 171 Not always the same 
318 What, at epoch of t! e build 
iag of the pyramids 319 

ha jusi* justice. ’87 . Fur- 
pla ned 398 In what consisting 
397 a Note G 


021 

Position angle of, 201 Microrno 
ter ib 4 ► - 

Pouillet (M.) his measure of Solar 
radiation, 397 o' note 
Powell (E B , Esq ) his elements of 
double star orbits, 843 fits obser 
rations of a variable nebula 89C a 
Note K. 

Powell (Prof ) his explanation of the 
gyroscopo 345 j 
Pncsepe Cancn 865 
Precession of the equ rroxca 313 
In what consisting 311 Effects 
313 Physical explanation 642 
Pnmitg and lagging of tides 753 
Principle of areas 490 Of forced 
vibrations 650 Of repetition 198 
Of conservation of vis viva 663 
Of coUimation 178 * 

Pritchard (Rev C ) his veriflcatlon of 
the willow leaved structure of tl e 
sun s photosphere, 387 a, Noto G 
Problem of three bodieB 608 
Problems lo plane astronomy 12T 
309 

Projection of a star on the moon’s 
limb 414 note 

Projections of the sphere 280 A, 
simple snd convenient described 
283 Of equal areas 283 b 
Proper motions of the stars 852 Of 
Sinus Inequalit ea to 859 Proba 
ble ex plana l on of 859 a Note J 
Of the sun 853 858 a Note L 
Pyramids 319 

It 

Radial d sturbmg force 615 
Radiat on solar on planetB 508 On 
comets 592 

Rate of clock how obtained 293 

I Rsadj’tr t ,''ff„ matbnda 1 65. OirpfH, 
site effect of the elim nating errors 
141 
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01b«i> lit score ra Pallas and Vesta 
, ' t05 -‘His^hj pothesia of th© partial 
opacity of apace, 108 
Omar, Ida proposal for a rule for bis 
aos tiles, Note A, 026 
Opautj, partial, of apace, 198 
Oscillations, forced principle of 650 
Orbits of planet*, their elements (Ap 
pcndlx) of double stars 843 Of 
comets (Seo Comets) 

Orthogonal disturbing force and its 
effects, 616 619 
Orthographic projection, 280 


r 

Pautzch discovers the variability of 
Algol, 821 

Pallas discovery of 505 

Palm trees, their disappearance from 
Judea, 369 e 

Parallactic instrument 185 loequal 
ilv of the moon 112 Of planets 
213 Unit of sidereal distances, 
804 Motion, 69 

Paralltx 70 Geoconlric or diurnal 
339 Heliocentric 3 41 Horizon 

tal, 355 Of the moon, 404 OX 
the sun, 357, 479 481 Oreresti 
mated, Us probable correction, 357 a. 
Note F Of Mars, ib Annual, of 
stars 800 How investigated 805 
OX particular stars 813 813, Si 5 
Systematic, 862 Effect of, on lunar 
distances, 271 As a nranographi 
cal correction 341 Calculation of, 
338 

Pans longitude of, 262 

Peak of Ten enffe, 32 

Pendulum clock, 89 A measure of 
gravity, 235 

Pendulum used as a measure of grav 
Ity, 235 Seconds, length of, 325 


Foucault’s 245 e Used to mess 
ttre density of the earth 776/, g 
Penumbra, 420 Of solar spots (Seo 
Spots ) 

Perigee, 3G8 a Of the moon, 403 
Perihelia and eicentnciues theory 
of, 670 

Perihelion 363 Of tho earth, Its 
period of revolution, 366 6 Effect 
of its revolution on seasons, 369 6 
Longitude of, 495 Passage, 496 
Heat endured by comets la, 692 
Penod, Julian, 924 Of Planets (Ap ) 
Periodic time of a body revolving at 
the earth’s surface 442 Of plan 
ets, how ascertained, 486 Law of, 
488 Of a disturbed planet perma 
neutly altered 734 
Periodical stars 82 0 Ltit of B25 
Prospective celestial, 114 
Perturbations, 602 Of Uranus by 
'Neptune, 767 

Peters, his researches on parallax, 
815 On proper motions of stars, 
859 

Phases of the moon explained 416 
Of Mercury and Venus 465, 477 
Of superior planets 484 
Photographic representation of the 
moon 457 

Photometric scale of Star magnitudes 
780 

Photometry of stars 783 
Piazrl discovers Ceres 605 
Picard, 158 

Piddmgton on Cyclones 245 d 
Pigott variable stars discovered by, 

824 

Places, mean and true, 374 Geo 
metric and heliocentric, 37 1, 497 
Planetary nebula:, 876 Note K. 
Planets, 299, 455 Apparent motions, 

457 Stations and retrogradatious, 

459 Reference to sun as their cen- 
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Ire, 462 Community of nature with 
the earth, 463 Apparent diameters 
of, 464 Phases of, 465 Infenor 
and superior, 476 Transits of (see 
Transit) Motions explained, 463 
Distances, how concluded, 471 Pt 
nods, how found, 472 Synodical 
revolutions, 472, 486 Superior, 
their stations and rclrogradations 
485 Magnitude of orbits, how 
concluded, 485 'Elements of, 495 
(See Appendix for Synoptic Table ) 
Densities, 508 Physical peculiar! 
ties, etc., 509 Illustration of their 
relative sizes and distances, 526 
Division Into classes, 625 a 
Pl&ntaraour, his calculations respect 
mg the double comet of Biela 
533 

Pleiadea, 865 Assigned by Madler 
as the central point of the sidereal 
system, 661 Bright nebula die 
covered In 896 a, Note K. 

Plumb hoe direction of, 23 Use of. 
In observation, 17 5 On a spheroid 
219 

Pogson, his observation of variable 
stars, 825 Discovery of asteroids 
(See Synoptic Table ) His observa 
lion of a temporary star in a globu 
Jar cluster 898 a Note K 
Polar distance 105 Pomt, on a mural 
circle, 170, 172 
Polarization, 397 
Polarizing eye piece, 204 d 
Poles, 83, 112, 113 Of ecliptic, 307 
Their motion among the stars, 317 
Pole star, 95 Useful for finding the 
latitude 171 Not always the same 
318 What, at epoch of the build 
ing of the pyramids 319 
Pores of the sun’s surface, 367 Ex 
plained, 398 In what consisting 
387 a. Note G 


Position, angle of, ,201 Microtno 
ter, lb/ • * v 

Pouillet (M.) bis measure of Solar 
radiation, 397 cr, note 
Powell (E, B , Esq ) his elements of 
double star orbits, 843 His obser- 
vations of a variable nebula, 836 a, 
Koto K. 

Powoll (Prof ), his explanation of the 
gyroscope, 345 / 

Pncsepe, Cancri, 865 
Precession of the equinoxes, 313 
In what consisting, 31 i Effects, 
313 Physical explanation, 612 
Priming and lagging of tides, 763 
Principle of areas, 490 Of forced 
vibrations, 650 Of repetition, 198 
Of conservation of via viva, 663 
Of cotlimation, ITS 
Pritchard (Rev C ), his verification of 
the willow leaved structure of the 
sun’s photosphere, 387 a. Note G 
Problem of three bodies, 608 
Problems in plane astronomy 127 
309 

Projection of a star on the moon’s 
limb, 414 note 

Projections of the sphere, 280 A 
Biople and convenieut described, 
283 Of equal areas, 283 6 
Proper motions of the stars, 852 Of 
Sinus, inequalities in, 859 Proba- 
ble explanation of 859 a Note J 
Of the sun 853, 858 a, Note L 
Pyramids 319 

K 

Radial disturbing force, 615 
Radiation solsr, on planets 508 On 
comets, 592 

Rate of clock how obtalnod 293 
Picad ng off. methods of 165 Oppo 
site effect of the eliminating errors 
141 
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ItcdActd ou hurricane*, 315 d 
Reduction of agronomical ob«crv» 
linn*. 116. 

Reflecting circle, 131, 

Reflector*, large, how collimated, 20*/ 
It ell celt oi i, ob-torvnllon* by, 133. 
Ro/ortnstion of calendar, by C»*ar, 
01 B Ry Augustus, 919 By Tope 
Gregory, 932. I’ropo* J hr Omw 
for. 990, Note A 

Refraction, 39 Astronomical anil ll* 
effect* 19, 10 Ueviuro of, and 
law of vatiatton, 11 How detected 
by obaervatlon, 112 TcrrcHin.il. 
11 How boat Investigated, 191 
Itejil (Sir B* ) on hurricane*, 2*5 d 
Repetition principle of, 198 
Res stance of ether, 677 
Roirograditwn* of planet* *59 Ol 
node* (Boo Node* ) 

Reversal principle of, 161. 

Roynaud (M ), hia speculation* on 
variation of climate 369 e, tote 
Rhea. 618 noto 

Right ascension I OS How deter 
mined 293 

Ring* of Saturn dtntenaton* of, 611 
Phenomena of ilielr dl.iappcur&ucc, 
516 FquiUbnum of, 618 iful 

tiple, 521, and Appendix Interior, 
521 Appearance of, from Saturn, 
822 Attraction of, on n point 

within, 135 note. 

Rising and setting of celestial object*, 
time of, 128 

Jlitlouhouse, hi* principle of collima 
lion, 1T8 

Rockets used aa signals for longitude, 
M5 

Rosso (F irlof), his great reflector, 870 
893 ITi* nccount of nebulas ib 
Rotation, diurnal. 68 Its effect ou 
figure of the earth. 22* Of the 
earth demonstrated, 231 Paral 


lactic, 68 Of planet*, 509.. Of 
Jupiter, 612 Of tired *ur« on 
Ilielr axes, 829 

Hunker (Uadanin), her discover} of 
s comet, 697. 

Russell, hi* chart* and globo of tho 
fitoou, 437 

» 

Sadlvb, two aunrlses and sunset* ob- 
served by, in one day, 26 
Sallord (Profc**or), his re scare he* on 
tho proper motion of Sinus, 85» a. 
Nolo J. 

S*ro*. 426 

Satellites of Jupiter, 611. Of Saturn, 
618. S < T. Nomenclature of, 5*8 
note KcinarkitUe relation of peri- 
od* among, 550. J hscovery of an 
eighth. 6*8. Of C ran us, 623, 552 
Of Neptune. 621 363 Used to 

determine masses of their pnma 
nc*. 632 Oboy Kepler’s laws, 
533 Kclipses of Jupiter's, 635 .. 
Longitude determined by (see Ik>n- 
gitudo) Rcisticn* among their mo- 
tion*, 6*2 Other phenomena of, 
6*0 Their dimensions and masses, 
6*0 Discovery, 5** Velocitt of 
light ascertained from, 3*5 

Saturn, remarkablo deficiency of den- 
sity, 60* Rings of 614 (Sea 
Rings ) Physical description of, 

514 Satellites of. 6*7 and Ap- 
pendix (See also elements m 
Appendix ) 

SehehaUicn, its attraction measured, 

776 « 

Schmidt, his observations of solar 
eclipse®, 395 

Schubert (Gon ), his determination of 
the dimension* and figure of the 
earth, 223 a. Note D 
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Schunbe hla discovery of periodicity 
of solar epots Mia Of cxccu 
Incity of Saturn b rings 51D note 
Boa proportion of its depth to nid «s 
of the globe 31 Its acton in 
modelling tho external form of ll c 
earth 227 

Bensons explained 302 Temperature 
Of 3G6 

Sector xct till 132 
Secular var all one liow detected 3Sj 
Explained GG5 
Belenography 437 
Sextant, 133 

Shadow draenstons of the earth '« 
422 428 Cast by Yeuus 207 
Of Jupiter s satellites seen on 
dak, 540 

Shooting stars 115 Used for 6nd 
lug longitudes 265 Periodical 
900 (See Meteors) 

Bidereat t me 110 143 910 Year 
(Soo Year ) Day 144 (See Day) 
Signals rocket 545 Telegraphic 
259 

S gn* of zod ac 380 
Sirius Its parallax and absolute I ght 
818 Its revolution about an un 
soon centre 850 "Small compan 
Ions of 859 a Note J Its recess 
from the sun do 859 b b 
Stuaton angle of 311 
Bolar cycle 021 
Solstices 363 

Space qntsttsn v> to Its sfewAnte 
transparency 798 

penetrating power 801 

Sphere 95 Projections of 280 At- 
traction of 735 noto 
Spherical excess 277 
Spheroid attraction of 238 
Behero dal form of Each, (s/w, *«♦£», 
produces i equalities in the moon’s 
motion 749 


Spots on Sun 389 Seen with nakcl 
eye 387 394 a Sue of 386 Na 
lure of 389 Movements of 390 
li ration of 394 Periodicity of 
39 i a Connect on with our set 
sons 394 6 

Spring preposod use of for dctermin 
lag variation of gravity 274 
Standards of length weght and ca 
paetty 227 a Note D 
Stars v slide by day 01 Fixed and 
erratic 297 Fixed 777 Their 

appare t magnltidos 778 Com 

pnnso i bj an astronomer 783 
Law of distribution over heavens 
785 Atiko in either hernia p! ere 
791 Parallax of certain 815 
Disks of 8 1C Real alzo aid 
abflot He ligl t 817 Period cal 
820 Temporary 827 Irregu 
lar 830 M ss ng 832 Double 
833 Colored 851 and noto 
Proper motions of 852 Irregu 
laritev In motions accounted for 
859 Clisters of 861 Neb 
ulous 879 Nebulous-dou! le, 
880 

Stationary po nts of planets 459 
How delerm ned 475 Of Mer 
cury and Venus 476 
Stereograms of the moon 430 n. 
Note II 

Btoreographlc project on 281 
StickUstad eclipse of 926 and Table 
233 c 

Stones meteoric 899 Great shower 
of lb 

Struve Lis researches on the law of 
distribution ef stare 793 D scov 
ery of parallax of « Lyra 813 
Catalogue and obsetrat ons of 
ia/Mtb «VnTti 2Q& 

Stnjre (Otto) his researches on 
proper motions, 854. His conjee 
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tom of the incressc In brealtli of 
Saturn’* nng 623 n 
3tyle, old and new 033 
Pun otsI ohapo and great *Uo on 
lorlioi espial icd, 47 parent 
metio i not uniform &17 Beams 
converging 116 Orbit elliptic 3t9 
Orr-itert and least apparent dlame 
tom 343 Actual distance, J57 
Overrated ita probablo correcuo i 

357 a Vote P Magnitude. 353 
notation on axis, 359 SCO Nolo 
0 337 c e Hut 449 Phjsleal 
constitution 3SC Spot* lb lu 
parallax 355 Light not polar 
lied 337 note. Its Intorior onto 
lope 389 a Its poros 357 337 a 
Noto G Willow leaved structure 
of Its photosphere lb Fucul-r 

389 8 t ration of lu equator 390 
Maculifcro u tones of 393 Aunts 
p! ere 395 lu rose colored do i !« 
395 Note O 395 b b Relit re 
ill limitation of centre and bordorr 

390 395 Temperature 390 Fi | 
pendlture of heat 397 \ctlon In . 
producing winds etc. 399 Spccu 
laUon on cause of lu heat 400 and 
nolo 905 a 6 Eclipses, 420 Pen 
•tty of 449 Natural contra of plan 
clary system 483 Distance 1 ow 
determ ned 479 Its alte 111 istraled 
620 Action In producing tides 751 

Proper motion of 854 858 a If 

Note L. Vbsolute velocity of In 
space 833 Central speculations 

on 801 

8uosots, two witnessed In one day ‘*6 
Superposition of small motions 607 
Survey trigonometrical nature of 274 
Synodic revolution. 418 Of ana and 
moon lb 

System, solar, Its motion m space, 

868 . 


Tails of comets ipoctra of. Not O, 
3 Jj tl 1 1 

Tangential force and >U effects 018 
Momentary action on perlhel a 673 
W I oily influential on velocity 6C0 
Produces variations of axis lb 
Double the rate of advance of 
lunar apsides 686 Of Neptune 
on Uranus and Its efTecU 774 
Telegraphic signals 259 
Telescope 64 Its appl cation to as 
tronoralcal lustrumcnu, 117 lor 
viewing tiio sun (See Helioscope.) 
Telescopic sights Invention of 168 


note. 

Temperature of earth a surface at 
different soasona, 360 In South 

Africa end Austral », 309 Of tbo 


nun 890 

Temporary sura 827 
TethT" 818 note 

miL eclipse of. 933 0 928 Table 
n eodollte 192 Iu use In surveying 

Theory of instrumental errors 141 
” Of gravitation, 490 Of nebulous 
subsidence and sidereal aggregation 


872 

Thomson 

of the 
397 a. 


(Prof. S r W ) his estimate 
sun’s expend lure of host, 
His theory of the lourco of 


Tides' a system of forced oscillations, 
651 Explained 760 Priming and 
lagging of 763 Periodical loequaU 

tea of 765 Instances of very high, 

756 , . 

Tune s dereal 110 327 911 U***, 

129 162 262 Sidereal and Bolar, 
143 Mean and apparent sidereal, 
327 Measures angular motion 349 
How itself measured, 150 Very 
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mu ill intervals of, 150 f-qmnoc 
luil, 257, 025 Measures units 
end reckoning of, 306 Required 
for light of etara to reach the earth, 
802 

Titan, 648 note 

Titius (Prof ) his 1 iw of pi inciary dts 
lances, 905 note. 

Torsion balance used to measure don 
sity of the earth 776 t Torsion 
balance to measure the vans lion of 
gravity, Note I’ 

Trade winds JJ9 
Transit instrument, 169 
Transits of stars 162 Of planets 
across the sun, 467 Of Venus, 
479 Mercury, 483 Of Jupiter's 
satellites across disk, 540 Of their 
shadows, 549 

Transparency of spice, supposed by 
Olbers Imperfect, 798 
Transversal dsturbing forco, and its 
effects 616 

Triangles HI conditioned 276 On an 
ellipsoid, 276 

Trigonometrical survey 274 
Tropica 93 380 
Twilight, 44 

V 

UiipRi In eclipses, 420 Of Jupiter, 
638 

Umbriel, 651 
Uranography, 111, 300 
Uranographical corrections 342 
Problems 127 309 

Urauometry 118 

Uranus, discovery of, 605 Heat re 
ceived from sun by, 808 Physical 
description of, 523 Satellites oi, 

651 Perturbations of, by Neptune, 
760 Old observations of, 760 
Its periodic tune 776 Its action 
on the November meteors, 905 h h 


Vanishing point of parallel lines, 116 
Line of pirallel planes, 117 
V amble stars, 820 el itq 
Variation of the moon explained 705 
Variations of elements, 653 Pcrlodi 
cal and secular, G55 Incident on 
ibe epoch, 731 

Velocity, angular, o! sun not uniform 

350 Linear, of sun not uniform 

351 Of planets. Mercury, Venus 
and Eurlh, 474 Of light 545 
Overestimated, its probablo corrcc 
tion, 357 a. Note F Of shooting 
stars 889, 904 Of Sinus Koto J, 
6u9 b b 

Venus, synodic revolution of, 472 
Stationary points, 476 Velocity of, 
474 Phases 477 Point of great 

est brightness 478 Transits of, 
479 Physical description and ap 
penrnnee 509 Inequality in earth’s 
motion produced l>y 726 In that 
o! the moon 743 
Vernier, 165 197 

Vertical prime, 102 Circles, 100 
Vesta, discovery or, 505 
Via Lactea, (See Galaxy ) 

VUl&rceau (M Yvon), his orbits of 
double stars 843 
Volcanoes lunar 430 <j, Note H 

W 

Wats Ran ed, 289 

Watberson his theory of the sun’s 
heat, 905 a. 

Weight of bodies In different latitudes, 
322 0/ a body on the moon 608 

On the sun, 450 

Wheatstone, his measurement of the 
velocity of electricity, 545 Hi* 
method of etereogrsphing ifc# moon 
«7 a. Note L 
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Whipple his photographs o£ the moon, 
431 

Willow leaved forms observed in the 
gun's photosphere, 387 a Note 0 

Winds, trade 240 

Wmnccke (M ), his proposal for ob 
serving the parallax of Mars 357 a, 
Note F 

Witte (Madame) her models of the 
moon 437 

Wolf, his period of the solar spots, 
394 a 

Wollaston (Dr \ bis estimate of the 
comparative light of the sou moon 
and stare, 817 


V 

Year, sidcreaJ 305 Tropical, 383 
Anomalistic 334, and day Incom 
mensurable 013 leap 914 01 

confusion, 017 932 Beginning of 
in Fngland changed, 932 


Z 

Zenith 99 Sector 192 
Zodiac, 205 
Zodiacal light 897 
| Zones of climate and latitude, 382 





